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T h i s ,  t h e  second annua l  r e p o r t ,  p r e s e n t s  t h e  a e c h a n i c a l  
d e s i g n ,  t h e  d e s i g n  of  t h e  o p e r a t o r  a i d s  and t h e  d i s p l a y s ,  
and t h e  d e s i g n  of  t h e  d a t a  a c q u i s i t i o n  and c o n t r o l  l o g i c  
f o r  t h e  Automated S t e l l a r  P rope r  Motion Measuring System. 
These subsystems form t h e  c o n t r o l l i n g  and c o n n e c t i n g  l i n k  
between t h e  mic rodens i tome te r  which scans  t h e  pho tograph ic  
s t a r  p l a t e  and t h e  d i g i t a l  magnet ic  t a p e  which r e c e i v e s  t h e  
measurements f o r  subsequen t  a n a l y s i s  by a s u p e r - s c a l e  h i g h  
speed computer.  I n s t r u m e n t s  d e s c r i b e d  i n  t h e  o p e r a t o r  a i d s  
i n c l u d e  CRT d i s p l a y  o f  t h e  s t a r  images b e i n g  scanned,  CRT 
p r e s e n t a t i o n  of  image d e t e c t i o n  t h r e s h o l d  l e v e l s ,  and 
motor c o n t r o l l e r s  which a r e  f r e e  of  RFI .  The l o g i c  s e c t i o n  
d e s c r i b e s  t h e  c o n t r o l  and p a t h s  of d a t a  f low through a 
small semiconductor  v e r y  h i g h  speed memory and through a 
h i g h  speed c o r e  memory which t o g e t h e r  form a d a t a  b u f f e r  
between t h e  mic rodens i tome te r  and t h e  magnet ic  t a p e .  The 
arrangement  of d a t a  i n  a fo rma t  making e f f i c i e n t  use of  
t h e  b u f f e r ,  t a p e ,  and computer c a p a b i l i t i e s  i s  d e s c r i b e d ,  
as w e l l  a s  t h e  s p o t  p o s i t i o n  i n t e r p o l a t o r  from a 25 mega- 
c y c l e  c l o c k .  
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SECOND ANNUAL REPORT 
ON 
THE AUTOMATION OF A STELLAR PROPER MOTION MEASURING SYSTEM 
I. INTRODUCTION 
T h i s  r e p o r t  summarizes t h e  d e s i g n  and f a b r i c a t i o n  e f f o r t s  f o r  t h e  
second y e a r  of  t h e  Automated S t e l l a r  P rope r  Motion Measuring System sub-  
c o n t r a c t  t o  t h e  U n i v e r s i t y  of  Minnesota  (Purchase Order  F8711) under  NASA 
C o n t r a c t  NSR24-005-062 from J u l y  1966 through September 1967. 
The major  d i r e c t i o n s  i n  which t h e  y e a r ' s  e f f o r t s  were channeled  a r e :  
(1) F a b r i c a t i o n  of t h e  f i n a l  mechanica l  d e s i g n  of  t h e  scanne r  on t h e  
Moore Measuring Machine w i t h  s u i t a b l e  e l e c t r o m e c h a n i c a l  d r i v e s  
and c o n t r o l s .  
(2) F a b r i c a t i o n ,  i n c l u d i n g  t h e  necessa ry  d e s i g n ,  of  t h e  c o n t r o l  
conso le .  Th i s  i n c l u d e s  t h e  v i d e o  d i s p l a y  module, t h e  image 
p o s i t i o n  d i s p l a y  module, t h e  d a t a  a c q u i s i t i o n  module, and t h e  
c o r e  memory-power supp ly  module. 
c o n t r o l  e l e c t r o n i c s  i n  t h e  s e p a r a t e  c a b i n e t  p h y s i c a l l y  and 
e l e c t r i c a l l y  connec ted  t o  t h e  s c a n n e r .  
Design and f a b r i c a t i o n  of t h e  d a t a  a c q u i s i t i o n  system. 
Design and f a b r i c a t i o n  of t h e  s p e c i a l  t a p e  synchron ize r  needed 
t o  connec t  t h e  b u f f e r  o u t p u t  t o  t h e  magnet ic  t ape .  
Design and f a b r i c a t i o n  of  t h e  d a t a  d i s p l a y  sys tem f o r  t h e  conso le .  




The b a s i c  d e s i g n  concep t s  o f  t h e  scanning  sys tem from which t h e s e  
s p e c i f i c  i n s t r u m e n t s  came are s e t  f o r t h  i n  t h e  f i r s t  annual  r e p o r t  of t h e  
con t r ac t " )  t o  which t h e  a t t e n t i o n  of  t h e  r e a d e r  i s  d i r e c t e d  f o r  f u r t h e r  
i n f o r m a t i o n  i f  needed. T h i s ,  t h e  second annual  r e p o r t ,  w i l l  p r e s e n t  
i n f o r m a t i o n  about  t h e  second y e a r ' s  e f f o r t .  
"Design of  an  Automated S t e l l a r  P rope r  Motion Measuring System," J .  S .  
Newcomb, G .  E.  Zenk, and A .  E. LaBonte; C o n t r o l  Data Corpora t ion ,  
Minneapol i s ,  Minnesota ,  J u l y  1966. NASA Document No. N66-33399. 
1 
STAR PLATE SCANNING MACHIPE 
11. THE STAR PLATE SCANNING MACHINE 
A .  Gene ra l  C o n f i g u r a t i o n  
The s t a r  p l a t e  s cann ing  machine i s  a scann ing  mic rodens i tome te r  
mounted on t h e  o r t h o g o n a l  ways of a Moore Measuring Machine #3. 
o f  s ta r  p l a t e s  move t o g e t h e r  a long  t h e  X axis d u r i n g  scann ing .  A c t u a l  
s t a r  image d e n s i t i e s  a r e  measured as t h e  r e l a t i v e  d e c r e a s e  i n  t h e  amount 
of  l i g h t  from a helium-neon con t inuous  g a s  l a s e r  p a s s i n g  through each 
s ta r  p l a t e  as t h e  s p o t  c r o s s e s  t h e  s t a r  image. The s p o t  o f  laser  l i g h t  
moves 16  mm i n  t h e  Y d i r e c t i o n  each t ime t h e  p l a t e s  move f i v e  microns i n  
t h e  X d i r e c t i o n ,  producing a scanned " s t r i p e "  356 mm long  and 16  mm wide.  
A f t e r  t h e  comple t ion  of  a s t r i p e ,  t h e  p l a t e s  a r e  moved 1 6  mm a long  t h e  
Y a x i s  and t h e  scann ing  p r o c e s s  r e p e a t e d  u n t i l  t h e  p a i r  of p l a t e s  i s  
comple t e ly  scanned.  
The p a i r  
Measurement of  t h e  X p o s i t i o n  of  t h e  s t a r  p l a t e s  w i t h  r e s p e c t  t o  t h e  
scanne r  i s  r e p o r t e d  by a p u l s e  g e n e r a t o r ,  o r  i n c r e m e n t a l  a n g l e  encode r ,  
d i r e c t l y  coup led  t o  t h e  X a x i s  l e a d  screw. T h i s  g e n e r a t o r  d e l i v e r s  one 
p u l s e  p e r  micron of s t a r  p l a t e  movement. An i d e n t i c a l  a n g l e  encoder  i s  
connected t o  t h e  Y a x i s  l e a d  screw and r e p o r t s  t h e  p o s i t i o n  of  t h e  lower 
edge of t h e  s t r i p e  b e i n g  scanned.  The i n s t a n t a n e o u s  Y a x i s  p o s i t i o n  of 
t h e  moving laser beam s p o t  i s  measured by t h e  p o s i t i o n  of a t h i r d  o r  
r e f e r e n c e  s p o t  s p l i t  o f f  t h e  l a s e r  beam and p a s s i n g  a c r o s s  16 microns 
wide a l t e r n a t e  c l e a r  and opaque s t r i p e s  64 microns c e n t e r  t o  c e n t e r .  The 
e l e c t r o n i c  r e p o r t  of t h i s  d e n s i t y  v a r i a t i o n  i s  i n t e r p o l a t e d  by a f a c t o r  
o f  64 u s i n g  a f a s t  o s c i l l a t o r  w i t h  a d i g i t a l  o u t p u t .  The i n s t a n t a n e o u s  
Y axis p o s i t i o n  of t h e  s p o t  i n  microns o b t a i n e d  from t h e  r e f e r e n c e  beam 
and t h e  i n t e r p o l a t i o n  c o u n t e r  i s  added t o  t h e  i n i t i a l  p o s i t i o n  of  t h e  
s t r i p e  as r e p o r t e d  by t h e  a n g l e  encoder  t o  o b t a i n  t h e  complete i n s t a n t a n e o u s  
Y a x i s  p o s i t i o n  of  t h e  s p o t .  The scann ing  machine r e p o r t s  t o  t h e  d a t a  
a c q u i s i t i o n  l o g i c  t h e  X and Y p o s i t i o n s  on t h e  s t a r  p l a t e s  of t h e  beg inn ing  
and end of  t h e  s c a n  of  each s ta r  image t o  t h e  n e a r e s t  micron. 
2 
STAR PLATE SCANNING MACHINE 
The l o c a t i o n  o f  t h e  major  components on t h e  scann ing  machine i s  shown 
i n  F i g u r e s  1 and 2 i n  f r o n t  and s i d e  view, r e s p e c t i v e l y .  Photographs 
o f  t h e  completed scanne r  are shown i n  F i g u r e s  3 ,  4 ,  and 5 .  The s c a n n e r  
i s  54 i nches  h i g h ,  5 4  i n c h e s  wide ,  and 64 i n c h e s  long .  A t t ached  t o  
t h e  r e a r  of  t h e  scanne r  i s  a c a b i n e t  c o n t a i n i n g  t h e  motor and a c t u a t o r  
c o n t r o l s .  Th i s  c a b i n e t  i s  30 i n c h e s  h i g h ,  26 i n c h e s  long ,  and 24 i n c h e s  
wide.  The s c a n n e r  and c a b i n e t  weigh approx ima te ly  one t o n .  The e l e c t r i c  
c a b l e s  of t h e  scanne r  e x i t  t h e  r e a r  opening  of t h e  cast  i r o n  base  and 
are connec ted  t o  t e r m i n a l  s t r i p s  i n  t h e  c a b i n e t .  The 208 v o l t ,  t h r e e  
phase and 120 v o l t ,  s i n g l e  phase  AC power i n p u t  r e c e p t a c l e s  are l o c a t e d  
a t  t h e  rear of t h e  c a b i n e t .  All o t h e r  necessa ry  AC and DC v o l t a g e s  a r e  
developed w i t h i n  t h e  c a b i n e t  and d i s t r i b u t e d  t o  t h e  scanne r .  Two c o n t r o l  
p a n e l s  and a s ta r  number e n t r y  p a n e l  l o c a t e d  a t  t h e  f r o n t  of t h e  scanne r  
p rov ide  t h e  o p e r a t o r  w i t h  t h e  n e c e s s a r y  c o n t r o l s  t o  load  o r  remove t h e  
s t a r  p l a t e s ,  a l i g n  t h e  two p l a t e s  w i t h  r e s p e c t  t o  each  o t h e r ,  t es t  t h e  
o u t p u t s ,  and r u n  sample s c a n s .  
The base  s t r u c t u r e  and c r o s s  s l i d e s  of t h e  s t a r  p l a t e  machine shown 
i n  F i g u r e s  1, 2 ,  and 3 a r e  t h e  lower p o r t i o n  of t h e  Moore Measuring 
Machine, Model 3 ,  manufactured by t h e  Moore S p e c i a l  Tool Company, I n c . ,  
of Br idgepor t ,  Connec t i cu t .  The upper s t r u c t u r e  was des igned  and  b u i l t  
a t  C o n t r o l  Data C o r p o r a t i o n ,  Minneapol i s ,  Minnesota .  
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STAR PLATE SCANNING MACHINE 
F igure  5: V i e w  of Scanner f r o m  Light C o l l e c t o r  Side 
8 
STAR PLATE SCANNING MACHINE 
B .  ScanninP and Alignment O p t i c s  
The scann ing  o p t i c a l  sys t em i s  e s s e n t i a l l y  t h e  same a s  t h e  system 
shown i n  F i g u r e  9 ,  page 1 9 ,  of  t h e  p r e v i o u s  annual  r e p o r t .  However, t h e  
o p t i c a l  system was mod i f i ed  t o  make p o s s i b l e  t h e  u s e  o f  a b l i n k  micro-  
scope system f o r  v i s u a l  p l a t e  a l ignmen t .  The modif ied o p t i c a l  sys t em 
i n  t h e  scann ing  c o n f i g u r a t i o n  i s  shown i n  F i g u r e  6 .  A photograph of t h e  
scanne r  head w i t h  t h e  s t a t i o n a r y  cove r  o f  t h e  r o t a t i n g  p r i s m  and t h e  
b l i n k  microscope removed i s  shown i n  F i g u r e  7 .  A photograph of  t h e  l aser  
and t h e  f o c u s s i n g  motor f o r  t h e  converging l e n s  i s  shown i n  F i g u r e  8.  
The o p t i c a l  system i n  p l a t e  a l ignmen t  c o n f i g u r a t i o n  i s  shown i n  
F i g u r e  9 .  I n  t h i s  c o n f i g u r a t i o n  a m i r r o r  i s  swung i n t o  each l i g h t  
c o l l e c t i o n  tube  by a s p e c i a l  motor and comes t o  res t  a t  45 degrees  from 
t h e  o p t i c a l  axis  of  t h e  t u b e .  I n  t h i s  p o s i t i o n  t h e  l i g h t  from s e p a r a t e  
microscope i l l u m i n a t o r s  i s  s e n t  down t h e  tube  and i l l u m i n a t e s  each s t a r  
p l a t e .  A r e d  f i l t e r  i s  p l a c e d  on t h e  upper ( o r i g i n a l )  s ta r  p l a t e  i l l u m i n a -  
t o r  and a cyan f i l t e r  on t h e  lower ( d u p l i c a t e )  s t a r  p l a t e .  The l e n s e s  
of t h e  i l l u m i n a t o r s  a r e  a d j u s t e d  s o  t h a t  t h e  image of  t h e  f i l a m e n t  of  
each lamp i s  i n  s h a r p  f o c u s  on each  s t a r  p l a t e .  
The l i g h t  from t h e  i l l u m i n a t o r s  t h u s  t r a v e l s  a l o n g  t h e  same p a t h  
as t h e  laser  beam, b u t  i n  t h e  o p p o s i t e  d i r e c t i o n .  A microscope p l a c e d  
t o  r e c e i v e  l i g h t  coming from t h e  lower s ta r  p l a t e  t o  t h e  beam s p l i t t i n g  
s u r f a c e  n e a r e s t  t h e  r o t a t i n g  p r i s m  w i l l  a l s o  r e c e i v e  l i g h t  from t h e  upper 
s ta r  p l a t e  as w e l l .  The microscope can  be focussed  on both s t a r  p l a t e s  
s i m u l t a n e o u s l y ,  f o r  t h e  o p t i c a l  p a t h  l e n g t h s  from t h e  e x i t  f a c e  of t h e  
beam s p l i t t e r  n e a r e s t  t h e  microscope t o  each  s ta r  p l a t e  are t h e  same. 
A f u r t h e r  m o d i f i c a t i o n  r e q u i r e d ,  b u t  n o t  shown on t h e s e  drawings,  i s  a 
90 degree  roof  on t h e  45 -90 -45 p r i s m  f a c i n g  t h e  upper s t a r  p l a t e  t o  
c o r r e c t  a r i g h t - t o - l e f t  r e v e r s a l  d i f f e r e n c e  between t h e  two images 
and a c y l i n d r i c a l  l e n s  on t h e  e x i t  f a c e  of  t h e  r e f e r e n c e  beam p r i s m  t o  
c o n v e r t  t h e  laser  s p o t  t o  a l i n e  p a r a l l e l  t o  t h e  r e t i c l e  l i n e s .  
0 0 0  
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F i g u r e  7: Scanning Head w i t h  S t a t i o n a r y  Cover o f  R o t a t i n g  
Pr i sm and B l i n k  Microscope Removed. 
A i s  t h e  hous ing  c o n t a i n i n g  t h e  converg ing  l e n s  
and motor d r i v e n  f o c u s s i n g  assembly .  B i s  t h e  
r o t a t i n g  o c t a g o n a l  p r i s m  producing  t h e  scann ing  
motion of t h e  l a s e r  beam p a s s i n g  through t h e  
converg ing  l e n s .  From t h e  r o t a t i n g  p r i sm B ,  
t h e  l a s e r  beam p a s s e s  through t h e  s c a n  s e p a r a t o r  
p r i s m  c l u s t e r .  One of t h e  beams s e p a r a t e d  by 
t h e  beam s p l i t t e r s  i n  t h e  p r i s m  c l u s t e r  passes 
upward from e x i t  f a c e  C t o  t h e  upper  ( o r i g i n a l )  
s t a r  p l a t e ;  a second beam p a s s e s  from e x i t  f a c e  
H t o  t h e  lower ( d u p l i c a t e )  p l a t e ,  and t h e  t h i r d  
beam p a s s e s  through e x i t  f a c e  F a f t e r  be ing  
f u r t h e r  shaped  by a p l a n o - c y l i n d r i c a l  l e n s .  T h i s  
beam s t r i k e s  t h e  r e f e r e n c e  r e t i c l e  E .  G i s  a ny lon  
clamping screw h o l d i n g  t h e  p r i s m  i n  a l i g n m e n t .  
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F i g u r e  8: L a s e r ,  Scanning  Head, and Focuss ing  Motor 
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I n  a d d i t i o n  t o  t h e  p l a t e  a l ignmen t  f a c i l i t y ,  t h e  o p t i c a l  sys tem i s  
p rov ided  w i t h  e l e c t r i c a l l y  a c t u a t e d  s h u t t e r s  on t h e  i l l u m i n a t o r s .  These 
s h u t t e r s  can  be o p e r a t e d  a t  t h e  c o n t r o l  p a n e l s  on t h e  machine i n  t h e  
conven t iona l  b l i n k  machine method so  t h a t  r e s u l t s  o b t a i n e d  by t h e  a u t o -  
ma t i c  machine can  be checked by c o n v e n t i o n a l  methods i f  necessa ry .  
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C .  Mechanical S t r u c t u r e  o f  t h e  Scanne r  
The b a s i c  p o s i t i o n  measurements made w i t h  t h e  s c a n n e r  are made 
between t h e  s t a r  p l a t e s  mounted on t h e  measuring t a b l e  o f  t h e  Moore 
Measuring Machine and t h e  scanne r  head which i s  f i x e d  t o  t h e  b a s e  of  t h e  
machine. The motion of  t h e  s ta r  p l a t e s  i s  produced by t h e  motion o f  
t h e  c r o s s  s l i d e s  of  t h e  measuring machine a long  o r t h o g o n a l  a x e s .  The 
l e a d  screws and c r o s s  s l i d e s  c a n  measure t h e  p o s i t i o n  of  t h e  s t a r  p l a t e s  
w i t h i n  t h e  14" x 14" a r e a  of  t h e  p l a t e s .  The p o s i t i o n s  of  t h e  p l a t e s  
a l o n g  t h e  two axes  are r e p o r t e d  t o  t h e  n e a r e s t  micron by i n c r e m e n t a l  a n g l e  
encode r s  d i r e c t l y  coup led  t o  t h e  two l e a d  screws and d e l i v e r i n g  one p u l s e  
p e r  micron o f  t a b l e  t r a v e l .  The axis of t a b l e  t r a v e l  p a r a l l e l  t o  t h e  
a x i s  of  r o t a t i o n  of  t h e  scann ing  p r i s m  i s  r e f e r r e d  t o  a s  t h e  Y a x i s ,  
and t h e  axis of t a b l e  t r a v e l  motion p e r p e n d i c u l a r  t o  t h e  a x i s  of  r o t a t i o n  
o f  t h e  scann ing  p r i s m  i s  r e f e r r e d  t o  as t h e  X a x i s .  The X a x i s  motion 
i s  con t inuous  d u r i n g  t h e  scann ing  o f  a p l a t e ;  t h e  Y a x i s  motion i s  s t e p -  
w i s e ,  o c c u r r i n g  a t  t h e  end of  t h e  s c a n  of each s t r i p e .  
The Y axis s t e p s  are se t  by a s e r i e s  of cams mounted on t h e  l a s e r  
s i d e  of t h e  base  c a s t i n g .  A photograph of t h e  cams i s  shown i n  F i g u r e  10. 
Note t h a t  t h e  cams move w i t h  r e s p e c t  t o  t h e  r o l l e r  a c t u a t e d  s w i t c h  as 
t h e  s l i d e  moves i n  t h e  Y d i r e c t i o n .  The p o s i t i o n  of t h e  cams can  be 
a d j u s t e d  by r o t a t i n g  t h e  cams on t h e  th readed  rod  on which t h e y  are 
mounted. Y axis  t a b l e  t r a v e l  l i m i t  s w i t c h e s  are a l s o  mounted i n  t h i s  
assembly,  shown i n  t h e  photograph w i t h  t h e  cove r  removed. 
T a b l e  motion a long  t h e  X axis i s  p rov ided  by a t h r e e  speed synchronous 
motor.  Table  speeds  a v a i l a b l e  are  s i x ,  t h r e e ,  and one and one-half  
mi l l imeters  p e r  second. A synchronous motor was used t o  synchron ize  t h e  
motion o f  t h e  s ta r  p l a t e s  w i t h  t h e  motion of t h e  scann ing  l a s e r  s p o t  
a t  t h e  t h r e e  t a b l e  speeds  chosen.  The laser s p o t - t a b l e  motion p r o v i d e s  
f i v e  microns between s u c c e s s i v e  s c a n s .  E l e c t r i c  b rakes  are p rov ided  t o  
s t o p  t h e  t a b l e  motion as soon as t h e  power i s  removed from t h e  d r i v e  
15 
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Figure 10: Y Axis Step Cams 
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motors .  L i m i t  s w i t c h e s  a r e  p rov ided  t o  s t o p  t a b l e  motion when t h e  
s c a n n e r  r e a c h e s  t h e  boundary of  t h e  scann ing  area. A two speed i n d u c t i o n  
motor w i t h  a n  e l e c t r i c  b rake  i s  p rov ided  f o r  t h e  Y a x i s ;  a synchronous 
motor w a s  n o t  needed f o r  t h i s  motion because no scann ing  would occur  
w h i l e  i t  w a s  be ing  used.  
The s ta r  p l a t e s  are mounted i n  i n d i v i d u a l  s ta r  p l a t e  h o l d e r s .  The 
s t a r  p l a t e  h o l d e r  assembly,  c o n s i s t i n g  of  t h e  two p l a t e  h o l d e r s  and a 
s p a c i n g  and s u p p o r t i n g  s t r u c t u r e ,  i s  mounted on t h e  c r o s s  s l i d e  of  t h e  
Moore Measuring Machine. Adjustments  of t h e  r e l a t i v e  a l ignmen t  between 
t h e  two s t a r  p l a t e s  are made by t r a n s l a t i o n a l  motions i n  t h e  X and Y 
d i r e c t i o n s  o f  t h e  lower s t a r  p l a t e  h o l d e r  o v e r  a l i m i t e d  r a n g e ,  and 
r o t a t i o n  of  t h e  upper s t a r  p l a t e  h o l d e r  abou t  t h e  c e n t e r  of  t h e  s t a r  
p l a t e  o v e r  a l i m i t e d  r ange .  
motors c o n t r o l l e d  by s w i t c h e s  a t  t h e  c o n t r o l  p a n e l s  l o c a t e d  i n  t h e  f r o n t  
of t h e  scann ing  machine. Two o p e r a t i n g  speeds  are provded f o r  each 
s t e p p e r  motor.  
A l l  motions are accomplished by s t e p p e r  
The f i x e d  p o r t i o n  of  t h e  scanne r  i s  b u i l t  around a column which i s  
mounted on t h e  base p l a t e .  The column and base p l a t e  are f i x e d  t o  t h e  
base  of  t h e  Moore Measuring Machine. The column assembly i s  composed of  
t h e  column, t h e  scanne r  arm assembly,  t h e  l i g h t  c o l l e c t i o n  system w i t h  
t h e  p h o t o m u l t i p l i e r s ,  and t h e  laser as t h e  major e l emen t s .  The column 
i s  suppor t ed  a t  t h r e e  p o i n t s ;  two p o i n t s  are s t i f f  f l a t  s p r i n g s ,  and t h e  
t h i r d  p o i n t  i s  a motor d r i v e n  a d j u s t a b l e  j a c k  which c a n  be o p e r a t e d  from 
e i t h e r  t h e  c o n t r o l  p a n e l s  i n  t h e  f r o n t  of  t h e  scann ing  machine o r  a t  t h e  
c o n t r o l  c o n s o l e .  T h i s  ad jus tmen t  a l l o w s  t h e  scanne r  head t o  be moved up 
and down i n  t h e  space between t h e  two s ta r  p l a t e s  t o  compensate f o r  v a r y i n g  
g l a s s  t h i c k n e s s e s  of  p l a t e s  used.  A photograph of  t h e  j a c k  and i t s  motor 
d r i v e  from t h e  laser s i d e  of  t h e  scanne r  i s  shown i n  F i g u r e  11. The 
e q u a l i z i n g  j a c k  i s  a l s o  shown i n  F i g u r e  5.  
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Figure 11: Photo of Equalizing Jack from 
Laser S i d e  of Scanner 
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The scanne r  head  assembly shown i n  t h e  photograph o f  F i g u r e  7 con- 
s i s t s  o f  a 45' f r o n t  s u r f a c e  m i r r o r ,  a converg ing  l e n s  i n  a motor d r i v e n  
f o c u s s i n g  mount, t h e  r o t a t i n g  o c t a g o n a l  p r i sm and i t s  a s s o c i a t e d  s h a f t  and 
p r e c i s i o n  b e a r i n g s ,  t h e  beam s p l i t t i n g  p r i sm c l u s t e r ,  t h e  b l i n k  micro-  
scope o b j e c t i v e  s u p p o r t ,  and t h e  r e f e r e n c e  beam r e t i c l e  i n  a motor d r i v e n  
f o c u s s i n g  mount. Both t h e  converg ing  l e n s  and t h e  r e f e r e n c e  beam r e t i c l e  
f o c u s s i n g  motors  are c o n t r o l l a b l e  by s w i t c h e s  a t  t h e  c o n t r o l  p a n e l  i n  
t h e  f r o n t  o f  t h e  scann ing  machine and a t  t h e  c o n t r o l  conso le .  The r o t a t i n g  
oc tagona l  p r i sm i n  i t s  mounting cage  i s  both  dynamica l ly  and s t a t i c a l l y  
ba lanced  so  t h a t  no d i s c e r n i b l e  v i b r a t i o n  occur s  a t  t h e  9000, 4500, and 
2250 RPM speeds  a t  which t h e  scanning  machine o p e r a t e s .  
The scanne r  head  i s  mounted on t h e  s c a n n e r  arm which i s  mounted on 
t h e  column. The scanne r  a r m  c o n t a i n s  t h e  p r i sm d r i v e  s p i n d l e ,  a l s o  v e r y  
a c c u r a t e l y  ba lanced  bo th  s t a t i c a l l y  and dynamica l ly  on p r e c i s i o n  b e a r i n g s .  
The s p i n d l e  i s  connec ted  by b e l t  and p u l l e y  t o  a t h r e e  speed synchronous 
motor mounted on t h e  unde r s ide  o f  t h e  column. 
The t h r e e  l i g h t  c o l l e c t i o n  t u b e s  are mounted on t h e  f r o n t  deck and 
s e r v e  t o  b r i n g  l i g h t  from t h e  beam s p l i t t i n g  p r i sm c l u s t e r  t o  t h e  photo-  
m u l t i p l i e r s  th rough t h e  two s t a r  p l a t e s  and t h e  r e f e r e n c e  beam r e t i c l e .  
The l i g h t  c o l l e c t i o n  tubes  f o r  t h e  upper and lower s t a r  p l a t e s  are a l i k e ;  
c l o s e s t  t o  t h e  star p l a t e  i n  each  case i s  a converg ing  l e n s ,  fo l lowed by 
a 45O f r o n t  s u r f a c e  m i r r o r  t o  r e f l e c t  l i g h t  from t h e  l a s e r  beam down t h e  
c o l l e c t o r  t ube  t o  t h e  a d j u s t a b l e  diaphragm which i s  l o c a t e d  immediately 
i n  f r o n t  of  t h e  photoca thode  of  t h e  RCA 1P21 p h o t o m u l t i p l i e r .  The diaphragm 
i s  l o c a t e d  a t  t h e  f o c a l  d i s t a n c e  of  t h e  l i g h t  c o l l e c t o r  l e n s .  The tilt 
of  t h e  45  m i r r o r  i s  a d j u s t a b l e  i n  two axes  by s e t  screws l o c a t e d  i n  t h e  
m i r r o r  hous ing  . 
0 
The mechanism f o r  changing t h e  sys tem from normal scanning  c o n f i g u r a -  
t i o n  t o  v i s u a l  p l a t e  a l ignment  c o n f i g u r a t i o n  i s  n e a r  t h e  p h o t o m u l t i p l i e r  
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end of  t h e  upper and lower s tar  p l a t e  l i g h t  c o l l e c t i o n  t u b e s .  A hous ing  
c o n t a i n i n g  t h e  i l l u m i n a t o r ,  b l i n k  s h u t t e r ,  and p i v o t i n g  m i r r o r  i s  mounted 
on t h e  f r o n t  deck s u r f a c e  i n t e r s e c t i n g  t h e  l i g h t  c o l l e c t i o n  t u b e s .  A 
motor t u r n s  t h e  m i r r o r  s o  t h a t  it comes t o  res t  a t  a n  a n g l e  o f  45 t o  t h e  
o p t i c a l  axis  o f  t h e  l i g h t  c o l l e c t i o n  t u b e .  I n  t h i s  p o s i t i o n ,  l i g h t  from 
t h e  i l l u m i n a t o r  c a n  p a s s  th rough  t h e  b l i n k  s h u t t e r  and down t h e  l i g h t  
c o l l e c t i o n  tube  t o  i l l u m i n a t e  t h e  s ta r  p l a t e .  The motor and t h e  b l i n k  
s h u t t e r  are c o n t r o l l e d  from t h e  c o n t r o l  p a n e l s  a t  t h e  f r o n t  o f  t h e  scann ing  
machine; c o n t r o l s  c a p a b l e  o f  v a r y i n g  t h e  c u r r e n t  t o  the  i l l u m i n a t o r s  are 
on t h e  same c o n t r o l  p a n e l s .  
0 
The p h o t o m u l t i p l i e r - p r e a m p l i f i e r  hous ing  shown i n  t h e  photograph 
of  t h e  s i d e  of  t h e  scanne r  (F igu re  4 )  i s  connected t o  t h e  l i g h t  c o l l e c t i o n  
tube  by a clamp which s l i d e s  o v e r  t h e  end of  t h e  t u b e .  Supply and s i g n a l  
c a b l e s  are mounted on t h e  rear s u r f a c e  o f  t h e  hous ing .  The laser i s  
mounted on t h e  column w i t h  independent  ad jus tmen t s  on a l l  t h r e e  axes  f o r  
a l ignmen t  w i t h  t h e  scann ing  o p t i c s .  
The b l i n k  microscope i s  assembled i n  a long tube  w i t h  t h e  o b j e c t i v e  
l e n s ,  a 150 mm f o c a l  l e n g t h  f / 5 . 6  S c h n e i d e r  Componon l e n s  mounted c l o s e  
t o  t h e  e x i t  f a c e  of  t h e  beam s p l i t t i n g  p r i s m  c l u s t e r  and a 32 mm f o c a l  
l e n g t h  E r f l e  wide a n g l e  e y e p i e c e  on t h e  o t h e r  end. The tube  l e n g t h  o f  
31 i n c h e s  w a s  r e q u i r e d  i n  o r d e r  t h a t  t h e  eyep iece  c l e a r  t h e  s t a r  p l a t e  
h o l d e r s  f o r  a l l  t a b l e  p o s i t i o n s  and t h a t  t h e  o b s e r v e r  ben l o c a t e d  i n  such 
a p o s i t i o n  as t o  c o n v e n i e n t l y  o p e r a t e  t h e  p l a t e  a l ignmen t  c o n t r o l s  wh i l e  
l ook ing  through t h e  microscope.  The wide f i e l d  e y e p i e c e  coupled w i t h  t h e  
l a r g e  tube  l e n g t h  r e q u i r e d  t h a t  t h e  eye o f  t h e  o b s e r v e r  be p l a c e d  q u i t e  
c l o s e  t b  t h e  l e n s  o f  t h e  e y e p i e c e ;  t h e  eyep iece  c o n v e r s i o n  u n i t  h a s  been 
des igned  which u s e s  t h e  same e y e p i e c e  b u t  a d d i t i o n a l  o p t i c s  t o  produce a 
much g r e a t e r  eye r e l i e f  a t  a h i g h e r  m a g n i f i c a t i o n .  An o p t i c a l  s chemat i c  
o f  t h e  c o n v e r s i o n  u n i t  i s  shown i n  F i g u r e  1 2 .  The o b j e c t i v e  end o f  t h e  
microscope s l i d e s  i n t o  t h e  V b l o c k  and p l a s t i c  clamp shown i n  F i g u r e  7 .  
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The eyep iece  end f i t s  th rough a clamping b lock  which l o c k s  i n t o  t h e  mount 
e r e c t e d  on t h e  Y a x i s  l e a d  screw motor d r i v e  box as shown i n  F i g u r e  3. 
The hole  i n  t h e  clamping b lock  i s  much l a r g e r  t h a n  t h e  microscope t u b e ;  t h e  
tube  i s  h e l d  i n  p l a c e  by two p i v o t  p i n s  d i a m e t r i c a l l y  o p p o s i t e  each  o t h e r  
i n  t h e  h o r i z o n t a l  p l a n e .  The p i v o t  p i n s  a l l o w  t h e  microscope t o  tilt 
when t h e  focus  e q u a l i z e r  j a c k  changes t h e  p o s i t i o n  of t h e  scanne r  head 
between t h e  two p l a t e s ;  t h e  l o c k i n g  mechanism p e r m i t s  r e p e a t a b i l i t y  of  
o b s e r v a t i o n s  when t h e  microscope must be removed and r e p l a c e d .  
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D.  Scanner  C o n t r o l  E l e c t r o n i c s  
1. Func t ions  o f  t h e  Scanner  C o n t r o l s  
The o p e r a t i o n  o f  t h e  scann ing  machine i n  i t s  v a r i o u s  modes r e q u i r e s  
t e n  motors ,  two r o t a r y  a c t u a t o r s ,  two i l l u m i n a t o r s ,  and two e l e c t r i c  
b r a k e s .  The modes of  o p e r a t i o n  are s e l e c t e d  by t h e  p o s i t i o n s  o f  s w i t c h e s  
i n  t h e  c o n t r o l  areas of t h e  machine. The scanne r  c o n t r o l  e l e c t r o n i c s  
p rov ide  a s a f e  and l i n e - t r a n s i e n t - f r e e  connec t ion  between t h e  s e t t i n g  of  
t h e  s w i t c h e s  and t h e  a p p l i c a t i o n  of  power t o  t h e  e l e c t r o m a g n e t i c  d e v i c e s  
l i s t e d  above. The scanne r  c o n t r o l  c i r c u i t s  are housed i n  a c a b i n e t  i n  
t h e  r e a r  of  t h e  machine and c a b l e d  t o  t h e  c o n t r o l  areas and motors .  
The c o n t r o l  a r e a  l o c a t e d  i n  t h e  f r o n t  of t h e  scanne r  i s  in t ended  
f o r  use when t h e r e  must be d i r e c t  i n t e r a c t i o n  between t h e  machine and t h e  
o p e r a t o r ;  t h e s e  modes of  o p e r a t i o n  are: p l a t e  change,  v i s u a l  a l ignment  
and /o r  b l i n k i n g  p l a t e s ,  t e s t i n g  v i d e o  o u t p u t s ,  and non-automatic  p l a t e  
s cann ing .  The c o n t r o l  area i s  d i v i d e d  i n t o  two p a r t s  l o c a t e d  on e i t h e r  
s i d e  of  t h e  microscope s t a n d .  The l e f t  c o n t r o l  p a n e l  and s t a r  e n t r y  box 
are shown i n  F i g u r e  13. The most impor t an t  swi t ch  on t h i s  p a n e l  i s  t h e  
swi t ch  i n  t h e  lower l e f t h a n d  c o r n e r  l a b e l e d  "mode." It i s  t h i s  swi t ch  
which de te rmines  t h e  e n e r g i z i n g  of a l l  o t h e r  c o n t r o l s  and de te rmines  t h e  
type  of o p e r a t i o n  which can  t a k e  p l a c e  on t h e  machine. A l i s t i n g  of t h e  
e f f e c t  of  t h e  cho ice  o f  mode swi t ch  s e t t i n g  on e a c h  of  t h e  machine ope ra -  
t i o n s  i s  shown i n  Tab le  I .  Each of  t h e  f u n c t i o n s  l i s t e d  on t h e  swi t ch  
w i l l  be d i s c u s s e d  below, s t a r t i n g  w i t h  " P l a t e  Change" and p r o g r e s s i n g  
c lockwise .  
a. P l a t e  Change 
The P l a t e  Change mode i s  used  when t h e  o p e r a t o r  wishes  t o  r e p l a c e  
t h e  s ta r  p l a t e s .  S e l e c t i o n  o f  t h i s  mode w i l l  c ause  t h e  c a r r i a g e  t o  move 
s o  t h a t  t h e  scanning  head i s  p o s i t i o n e d  a t  t h e  extreme l e f t  rear c o r n e r  of 
t h e  p l a t e  h o l d e r .  A t  t h i s  p o i n t ,  t h e  motion i n t e r l o c k s  are a c t i v a t e d ,  
c a r r i a g e  motion c e a s e s ,  and a l l  c a r r i a g e  motion c o n t r o l s  are d i s a b l e d .  
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F i g u r e  13: L e f t  C o n t r o l  Pane l  and S t a r  E n t r y  Box 
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TABLE I 
CONTROL AND EQUIPMENT STATUS 
SCANNER CONTROL PANEL 
LOCAL - REMOTE SWITCH - LOCAL 
MODE SWITCH 
C a r r i a g e  Motion (X and Y) 
Fast-Slow (X and Y) 
P l a t e  Alignment (X, Y ,  e )  
Fast-Slow (X, Y ,  8)  
Scan Speed 
Scan C o n t r o l  
(Scan, Reve r se ,  Index) 
Lase r  
High Voltage 
L i g h t  I n t e n s i t y  
B l ink  S h u t t e r  
Focus 
















































1 - Rorced r e v e r s e  u n t i l  l i m i t  s w i t c h  s t o p s  motion.  
2 - May be enab led  w i t h  f o c u s  e n a b l e  s w i t c h .  
3 - May be d i s a b l e d  w i t h  h i g h  v o l t a g e  d i s a b l e  s w i t c h .  
LEGEND 
X - ENABLED 
0 - DISABLED 
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The laser,  h i g h  v o l t a g e ,  and a l ignmen t  lamps are o f f ,  and overhead i l l u m i n a -  
t i o n  i s  t u r n e d  on. The ove rhead  lamp w i l l  be o f f  f o r  a l l  o t h e r  modes of  
o p e r a t i o n .  
b .  V i sua l  
The v i s u a l  mode i s  a d u a l  purpose c o n f i g u r a t i o n .  It i s  used p r i m a r i l y  
i n  t h e  p l a t e  a l ignmen t  p rocedure .  A secondary f u n c t i o n  e n a b l e s  t h e  machine 
t o  be used f o r  manual b l i n k i n g  of  t h e  s ta r  p l a t e s .  The Blink-Align s w i t c h  
e n a b l e s  t h e  b l i n k  s h u t t e r  mechanisms f o r  manual b l i n k i n g .  
I n  t h i s  mode t h e  p r i s m  motor,  l a s e r ,  and h i g h  v o l t a g e  are t u r n e d  
o f f ,  t h e  a l ignmen t  lamps are on, and two r e t r a c t a b l e  m i r r o r s  are lowered 
i n t o  t h e  l i g h t  c o l l e c t o r  t u b e s .  These m i r r o r s  d i r e c t  l i g h t  from t h e  
a l ignmen t  lamps i n  t h e  oppos i t e - to -norma l  d i r e c t i o n  through t h e  o p t i c a l  
system. The superimposed s t a r  f i e l d s  from t h e  p l a t e s  are viewed through 
t h e  b l i n k  microscope.  The X and Y t a b l e  motion s w i t c h e s  a r e  used t o  
p o s i t i o n  t h e  star p l a t e s  s o  t h a t  t h e  d e s i r e d  f i e l d  i s  s e e n  i n  t h e  micro-  
scope.  The f i e l d s  from the two p l a t e s  may t h e n  be superimposed w i t h  t h e  
al ignment  c o n t r o l s  o r  compared w i t h  t h e  b l i n k  s h u t t e r .  
e .  Video 
The v i d e o  mode w i l l  be used p r i m a r i l y  f o r  t e s t i n g  and a d j u s t m e n t s  a t  
t h e  machine. The p r e a m p l i f i e r  o u t p u t  s i g n a l s  are a v a i l a b l e  a t  each o f  t h e  
t h r e e  p h o t o m u ~ t i p l i e r  a s s e m b l i e s  and may be viewed w i t h  a n  o s c i l l o s c o p e  
p l a c e d  a t  t h e  machine. The laser and h i g h  v o l t a g e  are t u r n e d  on,  t h e  
al ignment  lamps o f f ,  and t h e  m i r r o r s  are r e t r a c t e d  from t h e  l i g h t  c o l l e c t i o n  
t u b e s .  The t a b l e  may be p o s i t i o n e d  wi th  the manual c o n t r o l s  t o  o b t a i n  a 
l i n e  s c a n  o f  t h e  p l a t e  images.  
d .  Scan 
The s c a n  mode e n a b l e s  t h e  o p e r a t o r  t o  program manual ly  t h e  scann ing  
sequence used i n  au tomat i c  d a t a  a c q u i s i t i o n .  T h i s  mode, a l s o ,  h a s  been 
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p rov ided  as a n  a i d  f o r  t e s t i n g  and a d j u s t m e n t .  
s t r i p e ,  r e t u r n ,  and proceed t o  t h e  n e x t  s t r i p e  when t h e  Scan,  Reve r se ,  
and Index c o n t r o l s  are a c t u a t e d  i n  sequence.  
are o p e r a t i v e ,  and t h e  v i d e o  may be monitored a t  t h e  p h o t o m u l t i p l i e r  
a s s e m b l i e s .  
The t a b l e  w i l l  s c a n  a 
The laser  and pho tomul t ip l i e ' k s  
I n  t h e  upper l e f t  c o r n e r  of t h e  c o n t r o l  p a n e l  of  F i g u r e  13 i s  t h e  
s c a n  speed c o n t r o l  s w i t c h .  T h i s  s w i t c h  i s  a c t u a t e d  o n l y  i n  t h e  v i d e o  and 
s c a n  modes, and s e t s  t h e  speed f o r  t h e  p r i s m  r o t a t i o n  and t h e  X a x i s  t r a -  
v e r s e  such t h a t  t h e  scann ing  s p o t  advances f i v e  microns p e r  s c a n .  
I n  the lower r i g h t  o f  F i g u r e  13 are the s w i t c h e s  which perform 
manually t h e  o p e r a t i o n s  of s cann ing  which are done a u t o m a t i c a l l y  d u r i n g  t h e  
u s u a l  s cann ing  p rocess - - scann ing  a l o n g  t h e  X t r a v e r s e ,  r e v e r s i n g  t h e  X 
t r a v e r s e  t o  r e t u r n  t o  t h e  s t a r t  of t h e  s c a n ,  and i n d e x i n g  t h e  Y a x i s  t o  t h e  
n e x t  s t r i p  p o s i t i o n .  
I n  t h e  upper r i g h t  of  F i g u r e  13 are two i n t e r l o c k  c o n t r o l s  which s e r v e  
as p r o t e c t i o n  d u r i n g  normal o p e r a t i o n .  Unless  t h e  s w i t c h  marked ' l F ~ ~ ~ ~ f '  
i s  i n  t h e  e n a b l e  p o s i t i o n ,  none of  t h e  t h r e e  focus  motors can  be a c t u a t e d ,  
t h e r e b y  r educ ing  t h e  p o s s i b i l i t y  of a c c i d e n t a l  d e f o c u s s i n g .  The s w i t c h  t o  
t h e  r i g h t  of t h e  "FOCUS" s w i t c h  i s  des igned  t o  make i t  p o s s i b l e  f o r  a n  
o p e r a t o r  t o  t u r n  o f f  t h e  h i g h  v o l t a g e  t o  t h e  p h o t o m u l t i p l i e r  t u b e s  t o  
reduce t h e  danger  of shock and /o r  a c c i d e n t a l  exposure t o  room l i g h t  w i t h  
t h e  power on t h e  p h o t o m u l t i p l i e r s .  
The "Local-Remote" s e l e c t o r  s w i t c h  i n  t h e  upper c e n t e r  o f  t h e  p a n e l  
t r a n s f e r s  c o n t r o l  from t h e  p a n e l  above ("Local") t o  t h e  c o n t r o l  c o n s o l e  
("Remote") . 
The s t a r  e n t r y  box i n  t h e  lower r i g h t  c o r n e r  o f  F i g u r e  13 i s  used t o  
p u t  t h e  coded i d e n t i f i c a t i o n  o f  a s tar  image on t h e  t a p e  as t h e  machine 
27 
STAR PLATE SCANNING MACHINE 
i s  scann ing  i t ;  t h e  r i g h t  a s c e n s i o n  and d e c l i n a t i o n  of  t h e  star and i t s  
measured p o s i t i o n  on t h e  p l a t e  are used t o  r e a d  o u t  p o s i t i o n s  of  t h e  o t h e r  
stars i n  terms o f  e i t h e r  p l a t e  c o o r d i n a t e s  o r  r i g h t  a s c e n s i o n  and d e c l i n a -  
t i o n .  
The c o n t r o l  p a n e l  l o c a t e d  on t h e  r i g h t  s i d e  of  t h e  microscope s t a n d  i s  
shown i n  F i g u r e  14. I n  t h e  lower l e f t  q u a r t e r  a r e  t h e  s t a r  p l a t e  a l ignment  
c o n t r o l s  t o  be used by t h e  o p e r a t o r  as he  obse rves  t h e  two s t a r  p l a t e s  
th rough t h e  b l i n k  microscope.  The speed s e l e c t i o n  s w i t c h ,  t h e  d i r e c t i o n a l  
t o g g l e  s w i t c h ,  and t h e  momentary c o n t a c t  r o t a r y  swi t ch  c o n t r o l  t h e  a c t i o n s  
of t h e  t h r e e  s t e p p e r  motors  mounted on t h e  s t a r  p l a t e  h o l d e r s .  Two speeds  
o f  o p e r a t i o n  are a v a i l a b l e  f o r  a l l  of t h e  s t e p p e r  motors;  t h e  f a s t  speed 
i s  used f o r  t h e  r e l a t i v e l y  c o a r s e  ad jus tmen t s  i n  t h e  i n i t i a l  phases  of 
t h e  p l a t e  a l ignmen t  p r o c e s s ,  and t h e  s low speed ,  f o r  t h e  f i n a l  p r e c i s e  
ad jus tmen t s .  The speeds  are s e l e c t e d  by t h e  speed  ad jus tment  t o g g l e  swi t ch  
a t  t h e  extreme lower l e f t .  Next t o  t h e  speed s e l e c t i o n  swi t ch  i s  t h e  
t r a n s l a t i o n a l  motion ad jus tmen t  t o g g l e  s w i t c h ;  moving t h e  hand le  o f  t h e  
t o g g l e  s w i t c h  i n  t h e  d i r e c t i o n s  of t h e  arrows on t h e  p a n e l  moves t h e  lower 
s tar  p l a t e  i n  t h e  d i r e c t i o n  of  t h e  arrow. R o t a t i o n  of t h e  swi t ch  handle  
t o  t h e  r i g h t  of  t h e  t r a n s l a t i o n a l  motion swi t ch  produces a r o t a t i o n a l  
motion of  t h e  upper  s t a r  p l a t e  i n  t h e  d i r e c t i o n  of r o t a t i o n  of t h e  s w i t c h  
hand le .  
T r a n s l a t i o n a l  motion of  t h e  c a r r i a g e  on which both  s ta r  p l a t e  h o l d e r s  
are mounted i s  accomplished by t h e  l a r g e  momentary c o n t a c t  swi t ches  t o  t h e  
r i g h t  o f  t h e  p l a t e  a l ignment  s w i t c h  group.  The motion of  t h e  c a r r i a g e  
i s  i n d i c a t e d  by t h e  arrows i n  t h e  d i r e c t i o n  i n  which t h e  end of  t h e  s w i t c h  
i s  d e f l e c t e d .  Two speeds  of c a r r i a g e  motion are a v a i l a b l e ;  t h e s e  a r e  
s e l e c t e d  by t h e  s w i t c h  immediately above t h e  X a x i s  c a r r i a g e  motion 
c o n t r o l  swi t ch .  
The a b s o l u t e  and t h e  r e l a t i v e  i n t e n s i t y  of t h e  l i g h t  from t h e  two 
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F i g u r e  14: R i g h t  C o n t r o l  P a n e l  
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i l l u m i n a t o r s  used i n  t h e  b l i n k  and a l i g n  modes c a n  be c o n t r o l l e d  by t h e  
r o t a t i o n  of t h e  two l i g h t  i n t e n s i t y  knobs i n  t h e  upper  r i g h t - h a n d  c o r n e r  
o f  t h e  c o n t r o l  p a n e l .  These c o n t r o l s  a l l o w  t h e  o p e r a t o r  t o  o b t a i n  t h e  b e s t  
v i s u a l  ba l ance  between t h e  i l l u m i n a t i o n s  o f  t h e  upper  ( r e d  l i g h t )  and 
t h e  lower (cyan l i g h t )  i l l u m i n a t i o n  t o  produce t h e  most pronounced s e p a r a -  
t i o n  b e t w e e n d t h e  c o l o r e d  and b l a c k  images.  
I n  t h e  upper  l e f t  c o r n e r  are t h e  c o n t r o l s  f o r  t h e  t h r e e  f o c u s s i n g  
motors:  t h e  beam motor ,  which c o n t r o l s  t h e  p o s i t i o n  of t h e  converg ing  l e n s  
which forms t h e  s p o t s  on t h e  two s t a r  p l a t e s ,  t h e  r e t i c l e  motor which c o n t r o l s  
t h e  p o s i t i o n  o f  t h e  r e t i c l e  i n  t h e  beam coming from t h e  c y l i n d r i c a l  l e n s  
i n  t h e  p r i sm c l u s t e r ,  and t h e  e q u a l i z i n g  motor which o p e r a t e s  t h e  j a c k  
which changes t h e  c e n t e r i n g  o f  t h e  scanne r  head between t h e  two p l a t e s .  
The t o g g l e  s w i t c h  between t h e  focus  and p l a t e  a l ignment  c o n t r o l s  
s e l e c t s  whether  o r  n o t  t h e  e l e c t r i c a l l y  a c t u a t e d  b l i n k  s h u t t e r s  w i l l  be 
used .  I f  t h e  "Blink" p o s i t i o n  i s  s e l e c t e d  i n  t h e  v i s u a l  mode, e i t h e r  t h e  
upper  o r  lower s ta r  p l a t e  may be viewed through t h e  b l i n k  microscope 
u s i n g  t h e  b l i n k  s h u t t e r  swi t ch  on t h e  l e f t  c o n t r o l  p a n e l ;  s e l e c t i o n  of  t h e  
"Align" mode d i s a b l e s  both  b l i n k  s h u t t e r s  and a l lows  t h e  obse rve r  t o  see 
bo th  p l a t e s  s imul t aneous ly .  
I f  t h e  Local-Remote swi t ch  i s  p l a c e d  i n  t h e  Remote p o s i t i o n ,  machine 
c o n t r o l  w i l l  be t r a n s f e r r e d  t o  t h e  c o n t r o l  conso le .  The major mode and 
motions c o n t r o l s  are l o c a t e d  i n  t h e  c e n t e r  h o r i z o n t a l  p a n e l .  A photograph 
of  t h i s  p a n e l  i s  shown i n  F i g u r e  15. The s c a n  speed  and c a r r i a g e  motion 
c o n t r o l s  are i d e n t i c a l  w i t h  t h e  c o n t r o l s  a t  t h e  machine. The s i g n i f i c a n c e  
of  t h e  mode s w i t c h  s e t t i n g s  d i f f e r  from t h o s e  a t  t h e  machine.  A l i s t i n g  
o f  t h e  e f f e c t  o f  t h e  cho ice  o f  mode s w i t c h  s e t t i n g  on each  o f  t h e  machine 
o p e r a t i o n s  i s  shown i n  Table  11. The f u n c t i o n  of  each of  t h e  swi t ch  
s e t t i n g s  i s  p r e s e n t e d  below. 
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Figure 15: Center Control Panel on Console 
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TABLE I1 
CONTROL CONSOLE 
LOCAL - REMOTE SWITCH - REMOTE 
Fast-Slow (X and Y) 
Machine c a r r i a g e  motion c o n t r o l l e d  by i n t e r f a c e  l o g i c  HV and laser 
always on. 
Alignment lamps and s h u t t e r  a lways o f f .  
Alignment (X, Y ,  0 )  always o f f .  
Note: 1 - May be enab led  w i t h  focus  enab le  s w i t c h .  
2 - Forced  r e v e r s e  u n t i l  l i m i t  sw i t ch  s t o p s  motion.  
Home 
The home mode i s  used t o  i n i t i a l i z e  t h e  p o s i t i o n  of t h e  t a b l e  p r i o r  
t o  au tomat i c  scanning .  S e l e c t i o n  of t h i s  mode w i l l  c ause  t h e  t a b l e  t o  
mode s o  t h a t  t h e  scanning  head i s  p o s i t i o n e d  i n  t h e  l e f t  rear c o r n e r  of 
t h e  p l a t e  h o l d e r .  The l a s e r  and h i g h  v o l t a g e  are on and t h e  pr i sm i s  
r o t a t i n g  a t  t h e  s e l e c t e d  speed .  A l l  t a b l e  motion c o n t r o l s  a r e  d i s a b l e d .  
Manual 
I n  t h e  manual mode, t h e  t a b l e  motion c o n t r o l s  may be used t o  p o s i t i o n  
t h e  scanne r  head t o  any d e s i r e d  p o s i t i o n  on t h e  p l a t e s .  An i n d i c a t i o n  of  
t h e  p o s i t i o n  of t h e  scanne r  head w i l l  appear  a t  t h e  conso le  of t h e  Scan 
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P o s i t i o n  d i s p l a y .  Normal v i d e o  from t h e  s i g n a l  c h a n n e l s  i s  p r e s e n t .  The 
main u s e s  o f  t h i s  mode w i l l  be i n  s e t t i n g  t h e  p h o t o m u l t i p l i e r  g a i n  c o n t r o l s  
and i n  f o c u s s i n g ,  where t h e  s c a n n e r  head w i l l  be moved t o  o b t a i n  s u i t a b l e  
s t a r  p u l s e s .  A s econda ry  u s e  i s  f o r  p o s i t i o n i n g  t h e  s c a n n e r  head p r i o r  
t o  a p a r t i a l  s c a n  o p e r a t i o n .  
Auto 
S e l e c t i o n  of  t h e  a u t o  mode t r a n s f e r s  machine c a r r i a g e  motion c o n t r o l  
t o  t h e  i n t e r f a c e  l o g i c .  Scan (and p r i sm motor) speeds  are locked i n  t h e  
l a s t  p o s i t i o n .  I f  the o p e r a t o r  d e s i r e s  t o  change t h e  s c a n  speed he must 
s e l e c t  manual o r  home. 
2 .  C o n t r o l  C i r c u i t s  
a .  C i r c u i t  Design O b j e c t i v e s  
The scanne r  c o n t r o l  c i r c u i t r y  i s  r e q u i r e d  t o  t r a n s l a t e  o p e r a t o r  
commands i n t o  r e s p o n s e s  by t h r e e  polyphase moto r s ,  t h r e e  s t e p p e r  moto r s ,  
one s i n g l e  phase motor ,  f o u r  d i r e c t  c u r r e n t  motors ,  two magnet ic  a c t u a t o r s ,  
two b r a k e s ,  and the overhead i l l u m i n a t i o n .  There i s  a real  r equ i r emen t  t o  
minimize s w i t c h i n g  t r a n s i e n t s  as t h e s e  cou ld  cause  e r r o r s  i n  t h e  i n t e r f a c e  
l o g i c .  To t h i s  end,  a l l  motor and a c t u a t o r  f u n c t i o n s  t h a t  occu r  d u r i n g  
t h e  normal p l a t e  change,  a l ignmen t ,  and scann ing  p r o c e s s  have been des igned  
f o r  i n t e r f e r e n c e - f r e e  s w i t c h i n g .  
A second d e s i g n  o b j e c t i v e  was t o  minimize t h e  amount o f  c i r c u i t r y  
r e q u i r e d  f o r  t r a n s i s t o r - r e l a y  c o i l  i n t e r f a c i n g .  T h i s  h a s  been accomplished 
by u s i n g  r e l a y  l o g i c  from t h e  motor power c o n t r o l s  t o  t h e  i n t e r f a c e  i n p u t s .  
C e r t a i n  s e l e c t e d  c i r c u i t s  r e q u i r i n g  t iming  f u n c t i o n s  are s o l i d  s t a t e ,  
as are t h e  RFI - l e s s  motor power s w i t c h e s .  
The f o l l o w i n g  s e c t i o n s  w i l l  d i s c u s s  t h e  o p e r a t i o n  of  s e v e r a l  impor t an t  
c o n t r o l  areas from a f u n c t i o n a l  s t a n d p o i n t .  
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b .  Tab le  Motion and P r i sm Motor C o n t r o l s  
The X a x i s ,  Y ax is ,  and p r i s m  are d r i v e n  by t h r e e - p h a s e ,  f r a c t i o n a l  
horsepower motors .  L i n e  t r a n s i e n t s  caused  by s imple  r e l a y  c o n t a c t  power 
s w i t c h i n g  o f  t h e s e  motors are i n t o l e r a b l e .  An i n t e r f e r e n c e - f r e e  power 
s w i t c h i n g  scheme h a s  b0t.n des igned  around a fu l l -wave  SCR s w i t c h i n g  c i r c u i t .  
A f u n c t i o n a l  diagram o f  t h i s  c i r c u i t  i s  shown i n  F i g u r e  16. 
The c o n t r o l  switch i s  no rma l ly  c l o s e d ,  h o l d i n g  o f f  t h e  d r i v e  t o  
SCR1. S i n c e  SCRl must condilct t o  p r o v i d e  d r i v e  f o r  SCR2, t h e  c i r c u i t  i s  
i n o p e r a t i v e .  When t h e  c o n t r o l  s w i t c h  i s  opened t h e  SCR d r i v e  c i r c u i t  w i l l  
charge on t h e  n e x t  n e g a t i v e  h a l f  c y c l e .  Note t h e  p o l a r i t y  of D 1 .  When 
t h e  p o s i t i v e  h a l f  c y c l e  b e g i n s ,  d r i v e  h a s  t h e r e f o r e  been a p p l i e d  t o  S C R l  and 
i t  w i l l  conduct  l o a d  c u r r e n t  t h rough  D2 and L. The f u n c t i o n  o f  D2 i s  t o  
bypass most of  t h e  l o a d  c u r r e n t  around L .  When t h e  s u p p l y  v o l t a g e  r e a c h e s  
z e r o ,  conduc t ion  th rough  SCRl c e a s e s .  A s  t h e  v o l t a g e  swings n e g a t i v e  t h e  
d r i v e  c u r r e n t  s u p p l i e d  t o  SCR2 from t h e  s t o r e d  ene rgy  i n  L c a u s e s  i t  t o  
conduc t .  T h i s  sequence w i l l  r e p e a t  u n t i l  t h e  c o n t r o l  s w i t c h  i s  c l o s e d ,  
removing t h e  d r i v e  from SCR1. It i s  t h u s  s e e n  t h a t  t h i s  c i r c u i t  w i l l  p a s s  
a n  i n t e g r a l  number of  f u l l  c y c l e s  of  l o a d  c u r r e n t ,  always beg inn ing  a t  
z e r o  v o l t a g e  and end ing  a t  z e r o  c u r r e n t .  The c o n t r o l  s w i t c h  may be opened 
and c l o s e d  i n  random f a s h i o n ,  and no l o a d  t r a n s i e n t s ,  e i t h e r  c u r r e n t  s u r g e s  
o r  v o l t a g e  s p i k e s ,  w i l l  r e s u l t .  
c . Power Routing 
The X a x i s  and p r i s m  motors are t h r e e  speed ,  and t h e  Y a x i s  motor i s  
two speed. Speed changes are accomplished by means of s e p a r a t e  windings 
i n  t h e  motors .  I n  a d d i t i o n ,  t h e  X axis and Y axis motors must be r e v e r s e d .  
I f  s e p a r a t e  z e r o - p o i n t  s w i t c h i n g  c i r c u i t s  were used t o  perform a l l  of  t h e s e  
f u n c t i o n s ,  t h e  number r e q u i r e d  would be p r o h i b i t i v e .  T h e r e f o r e ,  power 
s w i t c h i n g  r e l a y s  are i n t e r p o s e d  between t h e  z e r o - p o i n t  c i r c u i t s  and t h e  
l o a d s .  It i s  no ted  t h a t  t h e  c o n t a c t  c o n f i g u r a t i o n  o r  s t a t e  of  t h e  power 
r e l a y s  may n o t  be changed w h i l e  power i s  a p p l i e d  t o  t h e  l o a d .  Th i s  c o n d i t i o n  
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A .c 
Figure 16: Functional Diagram of the Motor Control Circuits 
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i s  m e t  by t iming  the r e l a y  c o i l  s w i t c h i n g  w i t h  t h e  s t a t e  c o n t r o l  c i r c u i t s ,  
which w i l l  be d i s c u s s e d  l a te r .  A b l o c k  diagram of  a t y p i c a l  power s w i t c h i n g  
arrangement  (Y axis) i s  shown i n  F i g u r e  1 7 .  It i s  no ted  t h a t  SCR z e r o -  
p o i n t  s w i t c h e s  are r e q u i r e d  i n  o n l y  t w p  l e g s  of  t h e  t h r e e  phase power. 
d .  S t a t e  C q n t r o l  
The purpose o f  t h e  s t a t e  c o n t r o l  c i r c u i t  i s  t o  i n s u r e  t h a t  t h e  c o n t a c t s  
of  t h e  Y Reverse and Y Slow r e l a y s  w i l l  n o t  s w i t c h  power. T h i s  i s  
accomplished w i t h  t h e  c i r c u i t  c o n f i g u r a t i o n  shown i n  F i g u r e  18. 
The S t a t e  C o n t r o l  s w i t c h  i s  p h y s i c a l l y  p a r t  o f  t h e  Y Reverse and slow 
r e l a y  c o i l  c o n t r o l  s w i t c h i n g  and i s  momentarily opened and t h e n  c l o s e d  a g a i n  
when t h e  c o n t r o l  s e t t i n g  i s  changed. Assume t h a t  t h e  s t a t e  c o n t r o l  s w i t c h  
i s  c l o s e d  and t h e  SCR r e l a y  e n e r g i z e d ,  a p p l y i n g  d r i v e  t o  t h e  SCR s w i t c h e s  
(Figure 1 7 ) .  I f  one of  t h e  Y speed c o n t r o l s  i s  changes,  t h e  s t a t e  c o n t r o l  
s w i t c h  w i l l  open. T h i s  s e t s  t h e  f l i p - f l o p ,  opening t h e  SCR r e l a y  c o n t a c t  
and a p p l y i n g  a t r i g g e r  t o  t h e  one-shot  m u l t i v i b r a t o r  A .  
c o n t a c t  opens d r i v e  i s  removed from SCRl on F i g u r e  1 7 ,  and l o a d  c u r r e n t  
c e a s e s  a t  t h e  end o f  t h e  c u r r e n t  c y c l e  of  a l t e r n a t i n g  c u r r e n t .  The t i m i n g  
i n t e r v a l  o f  one-shot  A i s  long enough t o  i n s u r e  t h a t  no l o a d  c u r r e n t  i s  
f lowing  when A t e r m i n a t e s ,  t r i g g e r i n g  one-shot  B .  During t h e  i n t e r v a l  o f  
B y  t h e  r e l e a s e  r e l a y  c o n t a c t  i s  open. T h i s  c o n t a c t  i s  i n  se r ies  w i t h  t h e  
l o c k i n g  c o n t a c t s  on Y Reverse and Y Slow. A l l  motor power r e l a y  c o i l s  
w i l l ,  t h e r e f o r e ,  be deene rg ized .  The system w i l l  remain i n  t h i s  s t a t e ,  
w i t h  t h e  SCR s w i t c h e s  o f f  and a l l  power r e l a y s  d e e n e r g i z e d ,  u n t i l  t h e  
s t a t e  c o n t r o l  s w i t c h  i s  c l o s e d .  Closing t h e  s t a t e  c o n t r o l  s w i t c h  a p p l i e s  
a t r igger  t o  t h e  ho ldove r  c i r c u i t ,  which times o u t  a n  i n t e r v a l  somewhat 
l o n g e r  t h a n  t h e  combined l e n g t h  o f  one - sho t s  A and B. T h i s  i n s u r e s  t h a t  t h e  
release r e l a y  w i l l  have o p e r a t e d  b e f o r e  t h e  ho ldove r  a p p l i e s  a t r i g g e r  t o  
one-shot  C .  One-shot C o p e r a t e s  t h e  i n t e r r o g a t e  r e l a y  d u r i n g  i t s  p e r i o d .  
The i n t e r r o g a t e  c o n t a c t  momentarily completes  t h e  c o n t r o l  s w i t c h i n g  p a t h  
t o  t h e  power r e l a y s .  The power r e l a y  c o i l s  w i l l  p u l l  up i n  t h e  new s t a t e  
When t h e  SCR 
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c o n f i g u r a t i o n  and l o c k  th rough  t h e  release c o n t a c t ,  which i s  now c l o s e d .  
A t  t h e  t e r m i n a t i o n  of  one-shot  C ,  t h e  i n t e r r o g a t e  c o i l  i s  d e e n e r g i z e d  and 
a reset  p u l s e  i s  a p p l i e d  t o  t h e  f l i p - f l o p .  T h i s  e n e r g i z e s  t h e  SCR c o i l ,  
a p p l y i n g  d r i v e  t o  t h e  SCR s w i t c h i n g  an$ power t o  t h e  motor.  
e .  Alignment Motor C o n t r o l s  
The X ,  Y ,  and 6 p l a t e  a l ignmen t  motors a r e  two-phase s t e p p e r  motors .  
A f u n c t i o n a l  diagram o f  the motor c o n t r o l  and d r i v e  i s  shown i n  F i g u r e  19 .  
The o u t p u t  o f  t h e  two-phase motor d r i v e  i s  two t r a i n s  o f  squa re  waves, 90' 
o u t  of  phase .  These are g e n e r a t e d  by s w i t c h i n g  t h a t  i s  g a t e d  by a p u l s e  
t r a i n  a t  t h e  i n p u t .  I f  t h e  p u l s e  t r a i n  i s  a p p l i e d  t o  t h e  forward i n p u t ,  
t h e  o u t p u t  p h a s i n g  c a u s e s  t h e  motor t o  r u n  i n  one d i r e c t i o n ;  a p p l i c a t i o n  t o  
t h e  r e v e r s e  i n p u t  c a u s e s  i t  t o  r e v e r s e .  The p u l s e  t r a i n  i s  g e n e r a t e d  by 
t h e  p u l s e  g e n e r a t o r  and a p p l i e d  t o  t h e  d u a l  g a t e .  It i s  r o u t e d  t o  t h e  
a p p r o p r i a t e  o u t p u t  by means of  a b i a s  v o l t a g e  c o n t r o l l e d  w i t h  t h e  forward-  
r e v e r s e  s w i t c h .  The d r i v e  c i r c u i t s  are d i s a b l e d  by t h e  remote r e l a y  
c o n t a c t ,  s o  t h a t  t h e  a l ignmen t  may n o t  be d i s t u r b e d  d u r i n g  scann ing .  
f .  Focus Motor C o n t r o l s  
Focuss ing  i s  accomplished by means of t h e  AC f o c u s  j a c k  motor p l u s  
two DC motors on t h e  scanne r  head assembly. Swi t ch ing  o f  power t o  t h e s e  
motors i s  performed w i t h  r e l a y  c o n t a c t s .  T h i s  i s  p e r m i s s i b l e  from a n  
i n t e r f e r e n c e  s t a n d p o i n t  s i n c e  f o c u s s i n g  w i l l  n o t  be i n c l u d e d  i n  t h e  ser ies  
of  o p e r a t i o n s  r e q u i r e d  f o r  d a t a  a c q u i s i t i o n .  
g .  B l i n k  S h u t t e r  and M i r r o r  Motors 
The m i r r o r  motors are permanent magnet DC motors .  Power t o  them i s  
swi t ched  w i t h  r e l a y  c o n t a c t s .  S i n c e  t h e s e m t o r s  are used i n  t h e  al ignment  
mode, t h e y  must be r ende red  i n t e r f e r e n c e - f r e e .  T h i s  i s  accomplished by 
means of d i o d e s  and b rush  n o i s e  f i l t e r s .  
The b l i n k  s h u t t e r  i s  a magnet ic  a c t u a t o r ,  c o n t r o l l e d  by t h e  b l i n k  
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s w i t c h .  It i s  p r o t e c t e d  from t u r n - o f f  s p i k e s  by a d i o d e .  
h .  Alignment Lamps and Overhead I l l u m i n a t i o n  
Power s w i t c h i n g  t o  t h e  a l ignment , lamps  and overhead i l l u m i n a t i o n  i s  
c o n t r o l l e d  w i t h  z e r o - p o i n t  SCR s w i t c h e s  i d e n t i c a l  t o  t h o s e  used  f o r  t h e  
t a b l e  motion and p r i sm motors .  Th i s  i n s u r e s  t h a t  power s u r g e s  t o  t h e  
a l ignment  lamp v a r i a b l e  a u t o t r a n s f o r m e r  o r  t o  a f l u o r e s c e n t  lamp b a l l a s t  
t r a n s f o r m e r  w i l l  n o t  occu r .  
A photograph o f  t h e  f r o n t  p a n e l  of  t h e  scanne r  c o n t r o l  e l e c t r o n i c s  
c a b i n e t  i s  shown i n  F i g u r e  20. The top  row of  r e c t a n g l e s  are t h e  end 
p a n e l s  of  t h e  p u l l - o u t  c i r c u i t  d rawers  d e s i g n a t e d  D 1 ,  D2, D3, and D4 
r e a d i n g  from l e f t  t o  r i g h t .  The n e x t  lower pane l  i s  t h e  power supp ly  
s e c t i o n  f o r  t h e  s w i t c h i n g  c i r c u i t r y  and t h e  X and Y a x i s  s h a f t  encode r s .  
The lowes t  p a n e l  c o n t a i n s  t h e  c i r c u i t  b r e a k e r s  f o r  t h e  e n t i r e  sys tem,  
f u s e s  f o r  t h e  equipment l o c a t e d  a t  t h e  s c a n n e r ,  and t h e  l a s e r  power supp ly .  
The c i r c u i t  d rawers  p u l l e d  o u t  o f  t h e  c a b i n e t  a r e  shown i n  F igu re  21. 
Two of t h e  c i r c u i t  c a r d s  are shown i n  t h e  ex tended  p o s i t i o n  used f o r  i n spec -  
t i o n  and t e s t i n g .  
The c o n t e n t s  of t h e  c i r c u i t  drawers  are a s  fo l lows :  
- D1 1. Three  r e l a y  a m p l i f i e r s  t o  c o n v e r t  t h e  remote s c a n ,  i ndex ,  
r e v e r s e  s i g n a l s  from t r a n s i s t o r  t o  r e l a y  l o g i c .  
2 .  Two r e l a y  a m p l i f i e r s  and t iming  c i r c u i t s  a s s o c i a t e d  w i t h  
3 .  Two p u l s e  g e n e r a t o r s  (slow and f a s t )  f o r  t h e  a l ignment  
4.  Three  se t s  o f  a l ignment  motor p u l s e  t r a i n  g a t e s .  
5.  Three  a l ignment  motor d r i v e  modules.  
t h e  m i r r o r  motor c o n t r o l s .  
motors .  
- D2 1. C o n t r o l  r e l a y s .  
2 .  Power r e l a y s  f o r  t h e  X motor ,  Y motor ,  and pr i sm motor.  
41 
STAR PLATE SCANNING MACHINE 
F i g u r e  20: F r o n t  Pane l  of t h e  Equipment Enc losu re  
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F i g u r e  21: C i r c u i t  Drawers of t h e  Scanner  
C o n t r o l  Equipment Enc losu re  
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- 03 1. 
_r D4 1. 
2. 
C o n t r o l  r e l a y s .  
Three  s ta te  c o n t r o l  c i r c u i t s  f o r  t h e  X motor ,  Y motor ,  
and p r i s m  motor.  
E i g h t  SCR s w i t c h e s  f o r  th’e X motor ,  Y motor,  p r i s m  
motor,  a l i gnmen t  lamps, and overhead i l l u m i n a t i o n .  
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111. OPERATOR AIDS AND DISPLAYS ON THE CONTROL CONSOLE 
The c o n f i g u r a t i o n  o f  t h e  sys t em f o r  a c t u a l  s cann ing  of  p l a t e s  i s  
shown i n  F i g u r e  22 .  The scann ing  machine w i l l  be p l a c e d  i n  a s e p a r a t e ,  
darkened c l e a n  room, and t h e  c o n t r o l  c'onsole, t a p e  u n i t ,  and a s s o c i a t e d  
equipment i n  a s e p a r a t e  l i g h t e d  room a d j a c e n t  t o  t h e  s c a n n e r .  The 
n e c e s s a r y  c o n n e c t i o n s  between t h e  c o n t r o l  room and c o n s o l e  are made w i t h  
c a b l e s  and d e t a c h a b l e  c o n n e c t o r s .  
A photograph of  the c o n t r o l  conso le  i n  i t s  p r e s e n t  s t a t e  o f  comple t ion  
i s  shown i n  F i g u r e  2 3 .  The l e f t  hand and c e n t e r  modules c o n t a i n  t h e  o p e r a t o r  
a i d s  and d i s p l a y s  f o r  c o n t r o l l i n g  and mon i to r ing  t h e  scanne r  and i t s  
o u t p u t .  The r i g h t  hand module c o n t a i n s  t h e  d a t a  a c q u i s i t i o n  and d a t a  f low 
c o n t r o l s .  The lower p o r t i o n  of  t h e  conso le  e x t e n d s  beyond t h e  d a t a  
a c q u i s i t i o n  module and c o n t a i n s  t h e  c o r e  memory and i t s  a s s o c i a t e d  power 
s u p p l i e s .  The f o l l o w i n g  d i s c u s s i o n s  w i l l  be grouped by f u n c t i o n  and 
module, s t a r t i n g  wi th  t h e  l e f t  hand module. 
The o p e r a t o r  w i l l  be r e q u i r e d  t o  judge t h e  q u a l i t y  and c o r r e c t n e s s  of  
many ana log  waveforms, e v a l u a t e  d a t a  f low,  and monitor  t h e  scann ing  p r o c e s s  
i n  g e n e r a l .  The o p e r a t o r  a i d s  and d i s p l a y s  p r o v i d e  him w i t h  t h e  t o o l s  t o  
perform t h e s e  t a s k s .  The c o n t r o l  conso le  c o n t a i n s  t h i s  equipment,  which 
may be subd iv ided  as f o l l o w s .  
A .  Video Disp lay  
A s t a n d a r d  o s c i l l o s c o p e  i s  used t o  d i s p l a y  waveforms from t h e  p a t c h  
p a n e l .  The e l e c t r o n i c  s w i t c h e s  and b u f f e r  a m p l i f i e r s  c o n t a i n e d  i n  t h e  
s i g n a l  p r o c e s s i n g  e l e c t r o n i c s  are c o n s i d e r e d  t o  be p a r t  of  t h i s  d i s p l a y .  
The v i d e o  d i s p l a y  u n i t ,  shown i n  F i g u r e  24, i s  a T e k t r o n i x  RM15 
o s c i l l o s c o p e .  It may be used t o  obse rve  any of t h e  waveforms a v a i l a b l e  
on t h e  p a t c h  p a n e l .  I t s  p r imary  pu rpose ,  however, i s  t o  d i s p l a y  v i d e o  
w i t h  superimposed image d e t e c t o r  s e t t i n g s  from any two o f  t h e  t h r e e  
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F i g u r e  23:  Genera l  V i e w  of Control Console 
47 
OPERATOR AIDS AND DISPLAYS 
F i g u r e  24: Video Display Uni t  on Console 
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channels  (Channel 1, Channel 2 ,  Reference) .  Photographs of  v a r i o u s  combina- 
t i o n s  of t h e s e  waveforms are shown i n  F i g u r e s  25, 26 ,  27,  and 28. Note 
t h e  expanded d i s p l a y .  The h o r i z o n t a l  l i n e s  through t h e  star p u l s e s  i n d i c a t e  
t h e  s e t t i n g  of  t h e  image d e t e c t o r  l e v e l  c o n t r o l .  T h i s  waveform i s  o b t a i n e d  
by w r i t i n g ,  on a l t e r n a t e  t races ,  t h e  raw v i d e o  and t h e n  t h e  v i d e o  passed  
through a f a s t  da ta -hold  c i r c u i t .  The da ta-hold  c i r c u i t  i s  t r i g g e r e d  w i t h  
t h e  image g a t e ,  and h o l d s  t h e  v i d e o  l e v e l  a t  t h a t  which e x i s t e d  when t h e  
image was d e t e c t e d .  It i s  r e l e a s e d  when t h e  image g a t e  t e r m i n a t e s  and t h e  
v i d e o  s i g n a l  i s  a g a i n  d i s p l a y e d .  The d i s p l a y  showing two s e t s  of  v ideo  
w i t h  superimposed image g a t e  d a t a  i s ,  t h e r e f o r e ,  f o u r  d i f f e r e n t  t r a c e s .  
The method of g e n e r a t i n g  t h i s  d i s p l a y  i s  shown i n  t h e  f u n c t i o n a l  b lock  
diagram of  F i g u r e  29.  
The r a w  v i d e o  s i g n a l  i s  passed through two p a r a l l e l  b u f f e r  
a m p l i f i e r s .  The o u t p u t  of one goes d i r e c t l y  t o  t h e  channel  ana log  s w i t c h .  
The o u t p u t  of t h e  o t h e r  i s  f e d  t o  a f a s t  d a t a - h o l d  c i r c u i t .  This  c i r c u i t  
i s  g a t e d  by t h e  image d e t e c t o r  o u t p u t  and h o l d s  t h e  v a l u e  of v i d e o  v o l t a g e  
p r e s e n t  when t h e  d e t e c t o r  t r i g g e r s .  A t  a l l  o t h e r  t i m e s ,  i t s  o u t p u t  i s  a 
r e p l i c a  of t h e  v i d e o  w i t h  a s l i g h t  DC o f f s e t .  The s u p e r p o s i t i o n  c o n t r o l  
a t  t h e  i n p u t  t o  t h e  d a t a  h o l d  b u f f e r  i s  used t o  remove t h e  o f f s e t  s o  t h a t  
t h e  r a w  v i d e o  and d a t a  h o l d  v i d e o  s i g n a l s  have p r e c i s e l y  t h e  same DC 
l e v e l .  The o u t p u t  of t h e  channel  ana log  swi tch  i s  one i n p u t  t o  t h e  d i s p l a y  
ana log  s w i t c h .  An i d e n t i c a l  s e t  of  c i r c u i t r y  t o  t h e  above g e n e r a t e s  t h e  
o t h e r  i n p u t  t o  t h e  d i s p l a y  ana log  s w i t c h ,  us ing  v i d e o  and image g a t e s  
from a n o t h e r  channel .  
The sequence of g a t e s  r e q u i r e d  t o  o p e r a t e  t h e  ana log  swi tches  a r e  
g e n e r a t e d  as f o l l o w s .  The s c a n  sync p u l s e  i s  used t o  t r i g g e r  a symmetr ical  
t r i g g e r  f l i p - f l o p .  This  c i r c u i t  changes s t a t e  each t i m e  an  i n p u t  p u l s e  of 
t h e  proper  p o l a r i t y  i s  a p p l i e d .  The o u t p u t  of t h e  f l i p - f l o p  i s  f e d  t o  
a g a t e  g e n e r a t o r  which c o n v e r t s  t h e  l o g i c - l e v e l  swing t o  a l a r g e  g a t e  
swing t h a t  d r i v e s  t h e  d i s p l a y  ana log  s w i t c h .  The d i s p l a y  ana log  s w i t c h  
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Channel 1 (Combined) 
Channel 2 (Combined) 
SWEEP: FULL SCAN 
Channel 1 (Combined) 
Channel 2 (Combined) 
SWEEP : ONE -FIFTH SCAN 
Reference Channel (Combined) 
Channel 2 (Combined) 
SWEEP: ONE-FIFTH SCAN 
F i g u r e  25: Video Disp lays  
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Channel 2 Video 
Image Gates 
SWEEP: FULL SCAN 
Channel 2 Video 
AGC Dura t ion  
SWEEP: FULL SCAN 
Channel 2 Video 
AGC C u r r e n t  C o n t r o l  
SWEEP: FULL SCAN 
F i g u r e  26: P a t c h  P a n e l  S i g n a l s ,  Channel 2 
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Reference Channel Video 
Minimum Video 
SWEEP: FULL SCAN 
Reference Channel Video 
Maximum Video 
SWEEP: FULL SCAN 
Reference Channel Video 
Average Video 
SWEEP: FULL SCAN 
F i g u r e  27: P a t c h  P a n e l  S i g n a l s ,  Reference  Channel 
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Reference Channel Video 
Spot  P o s i t i o n  Detec tor  
SWEEP : ONE-FIFTH SCAN 
Reference Channel Video 
Lockout M u l t i  
SWEEP: FULL SCAN 
Reference Channel 
P o s i t i v e  Scan Gate 
SWEEP: FULL SCAN 
Video 
F i g u r e  28: P a t c h  P a n e l  S i g n a l s ,  Reference Channel Gates and Lockouts 
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w i l l ,  t h e r e f o r e ,  sample Channel 1 and t h e n  Channel 2 on s u c c e s s i v e  s c a n s .  
The  o u t p u t  of  t h e  f i r s t  f l i p - f l o p  i s  a l s o  f e d  t o  a n o t h e r  symmetical  t r i g g e r  
f l i p - f l o p .  S i n c e  t h e  t r i g g e r  must be of t h e  p r o p e r  p o l a r i t y ,  t h e  second 
f l i p - f l o p  w i l l  change s t a t e  once f o r  e y e r y  o t h e r  s t a t e  change i n  t h e  f i r s t  
f l i p - f l o p .  The second f l i p - f l o p  d r i v e s  a g a t e  g e n e r a t o r  which d r i v e s  t h e  
channel  ana log  s w i t c h .  The channel  ana log  s w i t c h ,  t h e r e f o r e ,  samples t h e  
v i d e o  f o r  two s u c c e s s i v e  s c a n s  and t h e n  t h e  d a t a  h o l d  f o r  two s u c c e s s i v e  
s c a n s .  S i n c e  t h e  swi tch  i t s e l f  i s  be ing  sampled by t h e  d i s p l a y  swi tch  
e v e r y  o t h e r  scan ,  t h e  d i s p l a y  swi tch  w i l l  see a l t e r n a t e  v i d e o  and d a t a  
h o l d  s i g n a l s .  
The v i d e o  and d a t a  h o l d  s i g n a l s  from a channel  a r e  superimposed 
on t h e  d i s p l a y  by means of t h e  s u p e r p o s i t i o n  c o n t r o l .  The s e t s  of v i d e o  
from Channel 1 and Channel 2 a r e  s e p a r a t e d  on t h e  d i s p l a y  w i t h  t h e  c e n t e r i n g  
c o n t r o l s .  
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B .  Video C o n t r o l s  
These are t h e  AGC i n d i c a t o r  lamps, QhOtOmUltiplier h i g h  v o l t a g e  
a d j u s t m e n t s ,  and image d e t e c t o r  l e v e l  ad jus tments .  The v i d e o  c o n t r o l s  
comprise t h e  t h r e e  p h o t o m u l t i p l i e r  hig! v o l t a g e  ad jus tment  knobs, t h e  
t h r e e  AGC i n d i c a t o r - p u s h b u t t o n  a s s e m b l i e s ,  and t h e  two image d e t e c t o r  l e v e l  
ad jus tments  Eor t h e  star p l a t e  c h a n n e l s .  The image d e t e c t o r  l e v e l  i n  t h e  
r e f e r e n c e  channel  i s  s e t  a u t o m a t i c a l l y .  These c o n t r o l s  are used i n  con- 
j u n c t i o n  w i t h  t h e  v i d e o  d i s p l a y  as follows. 
To a d j u s t  t h e  AGC, t h e  AGC HI-LO i n d i c a t o r  i s  depressed .  T h i s  l i g h t s  
bo th  lamps and d i s a b l e s  t h e  au tomat ic  g a i n  c o n t r o l  c i r c u i t s .  The photo-  
m u l t i p l i e r  tube  h i g h  v o l t a g e  i s  t h e n  s e t  so  t h a t  t h e  v i d e o  i s  w e l l  s a t u r a t e d .  
The AGC i n d i c a t o r  i s  depressed  a g a i n  e n a b l i n g  t h e  AGC and p r e s e n t i n g  
normal v i d e o  on t h e  d i s p l a y .  
The image l e v e l  d e t e c t o r  may be s e t  t o  a s p e c i f i e d  percentage  by 
u s i n g  t h e  manual mode and t a b l e  motion c o n t r o l s  t o  f i n d  a s u i t a b l e  star 
p u l s e c s )  on t h e  v i d e o  d i s p l a y .  
t h e  h o r i z o n t a l  b a r s  through t h e  s t a r  p u l s e s  a r e  a t  t h e  d e s i r e d  l e v e l .  
The l e v e l  d e t e c t o r  i s  t h e n  a d j u s t e d  u n t i l  
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C .  P a t c h  P a n e l  
The p a t c h  p a n e l  p r o v i d e s  a c c e s s  t o  a l l  s i g n a l s  r e q u i r e d  i n  normal 
checkout  and o p e r a t i o n  of  t h e  equipment.  It i s  shown i n  t h e  lower p a r t  
o f  F i g u r e  24. It c o n t a i n s  two t y p e s  of j a c k s ,  BNC and Pomona, p l u s  
s e v e r a l  c o n t r o l  knobs.  A d e s c r i p t i o n  of  t h e  d i f f e r e n t  areas on t h e  p a n e l  
f o l l o w s .  
The a r e a  on t h e  extreme l e f t  c o n t a i n s  t h r e e  v e r t i c a l  rows l a b e l e d  
Refe rence ,  CHAN 1, and CHAN 2 .  
on t h e  v i d e o  d i s p l a y .  The row of  BNC j a c k s  l a b e l e d  COMBINED c a r r y  t h e  
superimposed v i d e o  and image d e t e c t o r  s i g n a l s .  The row l a b e l e d  VIDEO 
have o n l y  t h e  r a w  v i d e o  s i g n a l .  The row of BALANCE knobs superimpose 
t h e  v i d e o  and t r i g g e r  s i g n a l s  a t  t h e  COMBINED p l u g s .  The nex t  area t o  
t h e  r i g h t  c o n t a i n s  t h e  d i s p l a y  s w i t c h  i n p u t s  and o u t p u t s  p l u s  a s s o c i a t e d  
c o n t r o l s .  Each j a c k  l a b e l e d  SWITCH i s  connected t o  a d e s i r e d  s i g n a l  
s o u r c e .  The j a c k  l a b e l e d  SCOPE i s  connected t o  t h e  RM15 i n p u t .  The 
POSITION c o n t r o l s  are used t o  p l a c e  each t r a c e  i n  t h e  d e s i r e d  l o c a t i o n  
on t h e  v i d e o  d i s p l a y  s c r e e n .  The GND l e v e l  ground b o t h  s w i t c h  i n p u t s  
so t h a t  a z e r o  r e f e r e n c e  may be p l a c e d  on t h e  d i s p l a y .  
These p r o v i d e  t h e  s i g n a l s  normally viewed 
The s m a l l  r e c t a n g u l a r  area l a b e l e d  PATCH i s  i n t e n d e d  t o  c o n v e r t  t h e  
s i g n a l s  a t  t h e  pomona j a c k s ,  which may be a t  r e l a t i v e l y  h i g h  impedance, 
i n t o  low impedance s i g n a l s  a t  t h e  BNC j a c k s .  I n  p r a c t i c e ,  t h e  s i g n a l s  
a r e  connected from t h e  DISPLAY, CHAN 1, CHAN 2 ,  o r  REFERENCE area t o  t h e  
PATCH area w i t h  pomona t i p  jumpers ,  and t h e  BNC j a c k s  are connected t o  
t h e  d i s p l a y  s w i t c h  o r  d i r e c t l y  t o  t h e  v i d e o  d i s p l a y  scope .  
A l i s t  of  t h e  s i g n a l s  p r e s e n t l y  a v a i l a b l e  i n  t h e  pomona area i s  g i v e n  
i n  F i g u r e  30. Photographs o f  t h e s e  waveforms are shown i n  F i g u r e s  25 
th rough  28 .  
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DISPLAY 
1. Ground ( r e f e r e n c e  ground bus) 
2 .  
3 .  
4 .  
5.  
6. 
7 .  
8. Scan Sync P u l s e  
CHANNEL 1 
1. Image Gate  
2 .  AGC Dura t ion  
3 .  AGC C u r r e n t  C o n t r o l  
4 .  AGC I n t e g r a t o r  
CHANNEL 2 
1. Image Gate 
2 .  AGC Dura t ion  
3 .  AGC C u r r e n t  C o n t r o l  
4 .  AGC I n t e g r a t o r  
REFERENCE 
1. Spot  P o s i t i o n  D e t e c t o r  
2 .  AGC I n t e g r a t o r  
3 .  Lockout M u l t i  
4 .  P o s i t i v e  Scan Gate 
5 .  Negat ive Scan Gate 
6 .  Minimum Video 
7 .  Maximum Video 
8. Average Video 
9 .  
10. 
11. Video Refe rence  i - t a g e  
1 2 .  Timing Reference Voltage 
F i g u r e  30: P a t c h  Pane l  T e s t  P o i n t s  
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D.  P l a t e  Image D i s p l a y  
The p l a t e  image d i s p l a y  i s  b u i l t  around a t e n  i n c h  d i a m e t e r ,  long 
p e r s i s t e n c e  ca thode  r a y  t u b e .  I t s  f u n c t i o n  i s  t o  d i s p l a y  a r e c t a n g u l a r  
ras te r  t h a t  shows a magn i f i ed  p i c t u r e  qf  t h e  s ta r  images as s e e n  by t h e  
image l e v e l  d e t e c t o r .  The p i c t u r e  i s  w r i t t e n  r e p e t i t i v e l y  as the s c a n  
p r o g r e s s e s ,  showing a d i f f e r e n t  s e c t i o n  of t h e  s t r i p e  w i t h  each h o r i z o n t a l  
sweep. A b l o c k  diagram of  t h e  d i s p l a y  i s  shown i n  F i g u r e  31. A photograph 
of a s ta r  p l a t e  s c a n  i s  shown i n  F i g u r e  32 .  
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0 FRONT PANEL CONTROL 
F i g u r e  31: Block Diagram of P l a t e  Image D i s p l a y  
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F igu re  32: P l a t e  Image Display of a S t a r  P l a t e  Scan 
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E.  P u l s e  Rate Meters 
The p u l s e  ra te  meter c i r c u i t r y  i s  n o t  des igned  as o f  t h i s  r e p o r t .  
I t s  purpose w i l l  be t o  p r o v i d e  a n  i n d i c a t i o n  t o  t h e  o p e r a t o r  of  t h e  ave rage  
ra te  of s c a n  t r a n s i t s  a c r o s s  s ta r  images on two meters, one f o r  each  
p l a t e .  A t h i r d  meter w i l l  i n d i c a t e  t h e  ra te  of t r a n s i t  o c c u r r e n c e s  t h a t  
are e s s e n t i a l r y  non-co inc iden t .  T h i s  shou ld  p rov ide  a n  i n d i c a t i o n  o f  
p l a t e  misal ignment  o r  of l a r g e  numbers of d u s t  p a r t i c l e s  on t h e  p l a t e s .  
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I V .  DATA ACQUISITION LOGIC 
A.  S t a r  Image Scann ing  
The f u n c t i o n  of  t h e  d a t a  a c q u i s i t i o n  l o g i c  i s  t o  q u a n t i t i z e  and r e c o r d  
t h e  i n f o r m a t i o n  on each o f  t h e  p a i r  of. pho tograph ic  p l a t e s  i n  such a 
manner t h a t  t h e  q u a n t i t i z a t i o n  d a t a  c a n  be used by a computer t o  r e c o n s t r u c t  
t h e  s t a r  f i e l d  o f  each p l a t e  i n  i t s  memory. The q u a n t i t i z a t i o n  of each  
d e t e c t a b l e  s ta r  image c o n s i s t s  o f  t h e  X and Y c o o r d i n a t e s  o f  the a p p a r e n t  
i n g r e s s  of  t h e  s t a r  as t h e  scann ing  beam moves by it and t h e  width of  t h e  
s tar  as measured a l o n g  t h e  s c a n  p a t h .  
A s  mentioned i n  p r e v i o u s  r e p o r t s ,  t h e  scann ing  of  t h e  l aser  s p o t  i s  
accomplished by means o f  a r o t a t i n g  e i g h t - s i d e d  p r i sm.  Each f a c e  of  t h e  
p r i sm produces a s c a n  o f  approx ima te ly  16 mm l e n g t h  i n  t h e  Y d i r e c t i o n  of  
t h e  machine c o o r d i n a t e  ax is .  A s  t h e  laser  s p o t  moves i n  t h e  Y d i r e c t i o n ,  
t h e  p l a t e  h o l d e r  i s  t r a n s l a t e d  i n  t h e  X d i r e c t i o n  a t  a c o n s t a n t  speed s o  
as t o  produce f i v e  microns of  X d i sp l acemen t  f o r  each  s c a n  of  t h e  s p o t .  
Thus t h e  s p o t  t r a c e s  a p a t h  as shown i n  F i g u r e  33 .  S i n c e  each p l a t e  i s  
scanned a l o n g  a 16  mm wide s t r i p e ,  s e v e r a l  s t r i p e s  must be scanned i n  
o r d e r  t o  cove r  t h e  e n t i r e  p l a t e .  The index ing  from one s t r i p e  t o  t h e  nex t  
i s  a d j u s t e d  s o  t h a t  t h e  two s t r i p e s  o v e r l a p  by a small amount. I n  o r d e r  
t o  unde r s t and  the r equ i r emen t  f o r  t h e  o v e r l a p ,  i t  is  f i r s t  n e c e s s a r y  t o  
r e a l i z e  t h a t  t h e  computer s e a r c h  f o r  p r o p e r  motion s tars  i s  performed by 
comparing t h e  p o s i t i o n s  of t h e  s tars  i n  a s t r i p e  of  one p l a t e  w i t h  t h e  
p o s i t i o n s  o f  t h e  s tars  i n  t h e  co r re spond ing  s t r i p e  of  t h e  o t h e r  p l a t e .  
Thus it i s  p o s s i b l e  t h a t  a s t a r  appea r ing  a l o n g  t h e  edge of  one s t r i p e  
would no t  appea r  a l o n g  t h e  edge of t h e  co r re spond ing  s t r i p e  o f  t h e  o t h e r  
p l a t e  e i t h e r  because o f  a l a r g e  p r o p e r  motion of  t h e  s t a r  o r  a v e r t i c a l  
(Y) misalignment o f  t h e  p l a t e s .  T h e r e f o r e ,  i n  o r d e r  t o  i n s u r e  t h a t  a g iven  
s t a r  w i l l  appea r  i n  a t  least  one p a i r  of  co r re spond ing  s t r i p e s ,  t h e  i n d e x i n g  
of  t h e  p l a t e  h o l d e r  i n  t h e  Y d i r e c t i o n  i s  a d j u s t e d  s o  t h a t  each s t r i p e  
o v e r l a p s  t h e  p r e v i o u s  s t r i p e  by a small amount. 
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PLATE MOTION 
F i g u r e  3 3 :  Path  Traced by L a s e r  Spot  as S t r i p e  i s  Scanned 
The l o c a t i o n  of each d e t e c t a b l e  s t a r  i s  d e f i n e d  a s  t h e  l o c a t i o n  of 
t h e  c e n t r o i d  of t h e  s ta r  image. Thus t h e  q u a n t i t i z a t i o n  d a t a  must be 
s u i t a b l e  f o r  de te rmining  t h e  c e n t r o i d  of each star image. F igure  34 shows 
t h e  i n f o r m a t i o n  which i s  recorded  d u r i n g  t h e  scanning of  a s t r i p e .  This  
i n f o r m a t i o n  c o n s i s t s  of t h e  fo l lowing:  
(1) t h e  h o r i z o n t a l  d i s t a n c e  (X) from t h e  Y a x i s  t o  t h e  p o i n t  a long  
(2) v e r t i c a l  d i s t a n c e  (Y) from t h e  X a x i s  t o  t h e  base of t h e  s t r i p e  
( 3 )  
( 4 )  
(5) 
t h e  base of  t h e  s t r i p e  a t  which t h e  s c a n  b e g i n s ,  
be ing  scanned, 
v e r t i c a l  d i s t a n c e  (yo) from t h e  base of  t h e  s t r i p e  t o  a r e f e r e n c e  
p o s i t i o n  which o c c u r s  p r i o r  t o  t h e  s t a r  t r a n s i t ,  
v e r t i c a l  d i s t a n c e  (y,) from t h e  yo r e f e r e n c e  p o s i t i o n  t o  t h e  
p o i n t  a t  which t h e  scanning  beam s tar ts  t o  t r a n s i t  t h e  star,  
v e r t i c a l  d i s t a n c e  (y ) from t h e  yo r e f e r e n c e  p o s i t i o n  t o  a 
second r e f e r e n c e  p o s i t i o n  which occurs  p r i o r  t o  t h e  p o i n t  a t  
which t h e  beam completes  i t s  t r a n s i t  of t h e  s t a r ,  
2 
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A 
Y 
F i g u r e  34:  I n f o r m a t i o n  Recorded as S t r i p e  i s  Scanned 
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(6) v e r t i c a l  d i s t a n c e  (y3) from t h e  y2 r e f e r e n c e  p o s i t i o n  t o  t h e  
p o i n t  a t  which t h e  beam completes  i t s  t r a n s i t  o f  t h e  s tar .  
We note  from F i g u r e  34 t h a t  t h e  h o r i z o n t a l  d i s t a n c e  from t h e  Y axis t o  
t h e  p o i n t  a t  which t h e  s c a n  p a t h  i n t e r s e c t s  t h e  s tar  image may be o b t a i n e d  
by adding a c o r r e c t i o n  t e r m  o n t o  t h e  v a l u e  of  X a s s o c i a t e d  wi th  t h e  
beginning of each s c a n  so  as t o  account  f o r  t h e  s l o p e  of  t h e  s c a n  p a t h .  
Thus w e  have 
where 8 i s  t h e  a c u t e  a n g l e  betQeen t h e  X a x i s  and t h e  s c a n  p a t h .  The scan  
p a t h  w i l l  p a s s  through t h e  t y p i c a l  s tar s e v e r a l  t imes  as t h e  scanning  
p r o g r e s s e s .  Thus t h e  s t a r  image can  be p a r t i t i o n e d  i n t o  s e v e r a l  e l e m e n t a l  
a r e a s  of c o n s t a n t  width &Xi  = 5p and h e i g h t  by. 
image about  e i t h e r  t h e  X o r  Y a x i s  may be o b t a i n e d  by summing up t h e  f i r s t  
moments of t h e  e l e m e n t a l  areas about  t h e  d e s i r e d  a x i s  and d i v i d i n g  t h e  
r e s u l t  by t h e  sum of t h e  e l e m e n t a l  a r e a s .  S i n c e  t h e  measurements shown 
i n  F i g u r e  34 are s u f f i c i e n t  f o r  t h e  d e t e r m i n a t i o n  of t h e  c e n t r o i d  of  t h e  
star image, t h e  next  t a s k  i s  t o  c o n s i d e r  how t h e s e  measurements are 
implemented. 
The c e n t r o i d  o f  t h e  s t a r  
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B. S t a r  P l a t e  P o s i t i o n  Measurement 
The X and Y measurements i n d i c a t e  t h e  p o s i t i o n  of  t h e  p l a t e  h o l d e r ,  
and, consequent ly ,  t h e y  may be o b t a i n e d  by measuring t h e  r o t a t i o n  of  t h e  
l e a d  screws which p o s i t i o n  t h e  p l a t e  h o l d e r  a long  t h e  X and Y a x i s .  
screw r o t a t i o n  i s  monitored by means of an  o p t i c a l - t y p e  a n g l e  encoder .  
This  device  b a s i c a l l y  c o n s i s t s  of a t h r e e - t r a c k e d  a p e r t u r e d  d i s k  which 
i s  f r e e  t o  r o t a t e  about  i t s  c e n t e r  and i s  connected t o  t h e  l e a d  screw. 
F i g u r e  35 shows t h e  t h r e e  t r a c k s  of  t h e  d i s k .  Note t h a t  t h e  p a t t e r n  of  
c lear  and opaque r e g i o n s  of Track 1 i s  o f f s e t  n i n e t y ' d e g r e e s  from t h e  
p a t t e r n  of  Track 2 .  
Lead 
The d i s k  i s  i n t e r p o s e d  between a l i g h t  source  and t h r e e  photodiodes 
i n  such a manner t h a t  each t r a c k  can i n t e r r u p t  and t r a n s m i t  t h e  l i g h t  
i n c i d e n t  on one of  t h e  d iodes  as t h e  d i s k  i s  r o t a t e d .  The o u t p u t  of each 
d iode  i s  t h e n  a m p l i f i e d  and passed  through a t h r e s h o l d  d e t e c t o r  t o  provide  
a b i n a r y  (on-off)  type  of o u t p u t .  F igure  36  shows t h e  v a r i a t i o n  of t h e  
l i g h t  i n c i d e n t  upon t h e  d i o d e s  of  Tracks 1 and 2 and t h e  o u t p u t  of t h e  
t h r e s h o l d  c i r c u i t  a s s o c i a t e d  w i t h  each t r a c k  a s  t h e  encoder  d i s k  i s  r o t a t e d  
i n  a clockwise d i r e c t i o n .  Note t h a t  i f  t h e  d i r e c t i o n  of r o t a t i o n  i s  
r e v e r s e d ,  t h e  phas ing  of t h e  two t r a c k s  i s  r e v e r s e d  so  t h a t  t h e  i n c r e a s e  
i n  l i g h t  l e v e l  t o  t h e  Track 2 d iode  precedes  t h e  i n c r e a s e  i n  l i g h t  l e v e l  
t o  t h e  Track 1 diode .  Thus t h e  d i r e c t i o n  i n  which t h e  b i - d i r e c t i o n a l  X 
o r  Y c o u n t e r  w i l l  index  i s  determined by t h e  phasing of t h e  o u t p u t  s i g n a l s  
from Track 1 and Track 2 .  
The t h i r d  t r a c k  provides  an  a n g l e  p o s i t i o n  r e f e r e n c e  once d u r i n g  each 
r e v o l u t i o n  of t h e  encoder d i s k .  This  t r a c k  i s  used i n  c o n j u n c t i o n  wi th  
t h e  p l a t e  p o s i t i o n  l i m i t  swi tches  t o  provide  a p a r i t y  check on t h e  c o u n t e r .  
This  check i s  based on t h e  r e a l i z a t i o n  t h a t  t h e  c o n t e n t s  of t h e  c o u n t e r  
must have a p r e d i c t a b l e  v a l u e  when t h e  p l a t e  h o l d e r  i s  a t  a known p o s i t i o n .  
For  example, l e t  us c o n s i d e r  t h e  X a n g l e  encoder  and i t s  a s s o c i a t e d  c o u n t e r .  
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TRACK I 
-- 
F i g u r e  35: Encoder Disk Geometry 
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P r i o r  t o  scanning  a s t r i p e ,  t h e  p l a t e  h o l d e r  i s  i n  c o n t a c t  w i t h  t h e  
l e f t  l i m i t  s w i t c h .  S h o r t l y  a f t e r  t h e  p l a t e  h o l d e r  h a s  been s e t  i n t o  motion, 
a known p o s i t i o n  can be d e f i n e d  by t h e  f i r s t  Track 3 p u l s e  t o  occur  a f t e r  
t h e  p l a t e  h o l d e r  h a s  broken c o n t a c t  w i t h  t h e  l i m i t  s w i t c h .  When t h i s  
p u l s e  o c c u r s ,  t h e  X c o u n t e r  i s  c l e a r e d ,  i . e . ,  zeroed  o u t ,  and t h u s  a known 
c o u n t e r  v a l u e  h a s  been e s t a b l i s h e d  a t  a known p o s i t i o n .  Subsequent p u l s e s  
from Track 3 w i l l  c a u s e  t h e  p a r i t y  l o g i c  t o  make a z e r o  check on t h e  
c o n t e n t s  of  t h e  X c o u n t e r ;  however, t h e  c o n t e n t s  of  t h e  c o u n t e r  w i l l  n o t  
be a l t e r e d .  I f  t h e  c o n t e n t s  o f  t h e  X c o u n t e r  i s  z e r o  a t  t h e  time of t h e  
Track 3 p u l s e ,  t h e  X = 0 f l i p - f l o p  i s  s e t .  However, i f  t h e  c o n t e n t s  of 
t h e  X c o u n t e r  i s  n o t  z e r o ,  t h e  X = 0 f l i p - f l o p  w i l l  be i s s u e d  a c lear  
s igna l - -even  though i t  may a l r e a d y  be i n  t h e  c l e a r e d  s t a t e .  
The c o u n t e r  p a r i t y  check i s  made a t  t h e  t'ime t h a t  t h e  p l a t e  h o l d e r  
c o n t a c t s  t h e  l e f t - h a n d  l i m i t  s w i t c h .  T h i s  e v e n t  s i g n i f i e s  t h a t  t h e  
las t  Track 3 p u l s e  occurred  a t  t h e  r e f e r e n c e  p o s i t i o n .  I f  t h e  X = 0 
f l i p - f l o p  i s  n o t  s e t  a t  t h i s  t i m e ,  t h e n  a p a r i t y  e r r o r  i s  i n d i c a t e d .  A 
similar  scheme of p a r i t y  checking i s  used w i t h  t h e  Y a n g l e  encoder  and 
i t s  c o u n t e r .  
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C .  I n s t a n t a n e o u s  Scanning Spo t  P o s i t i o n  Measurements 
Having c o n s i d e r e d  t h e  implementat ion o f  t h e  X and Y measurements,  l e t  
u s  now s h i f t  o u r  a t t e n t i o n  t o  t h e  measurement of t h e  v e r t i c a l  p o s i t i o n s  
(yo, y l ,  y2,  and y ) o f  t h e  l a s e r  spot,.  3 
The o p t i c a l  system of t h e  s c a n n e r  i s  a r r a n g e d  i n  such a manner t h a t  
t h e  laser  beam i s  s p l i t  i n t o  t h r e e  s e p a r a t e  s cann ing  beams whose motions 
comple t e ly  d u p l i c a t e  each o t h e r .  Thus,  i f  one beam i s  beg inn ing  i t s  
s c a n ,  t h e  o t h e r  two beams are a l s o  beg inn ing  t h e i r  s c a n s .  
s c a n  t h e  s tar  p l a t e s  w h i l e  t h e  t h i r d  beam i s  used as a r e f e r e n c e  t o  d e t e r -  
mine t h e  p o s i t i o n  of  t h e  o t h e r  beams a t  any i n s t a n t .  The r e f e r e n c e  beam 
s c a n s  a r e t i c l e  p l a t e  which c o n s i s t s  of a l t e r n a t e  c l e a r  and opaque b a r s  
which are spaced 32 microns a p a r t .  Thus t h e  c e n t e r - t o - c e n t e r  s p a c i n g  
between c o n s e c u t i v e  t r a n s p a r e n t  o r  opaque b a r s  i s  64 microns.  These b a r s  
are a l i g n e d  p e r p e n d i c u l a r  t o  t h e  s c a n  p a t h  and cause  t h e  l i g h t  t o  be modulat-  
ed  i n  much t h e  same manner as t h e  l i g h t  p a s s i n g  th-rough Track  1 o r  Track 2 
o f  t h e  encoder  d i s k  ( c f . ,  F i g u r e  3 6 ) .  
p h o t o m u l t i p l i e r  t ube  whose a m p l i f i e d  o u t p u t  i s  f e d  t o  a t h r e s h o l d  d e t e c t o r .  
Two of  t h e  beams 
T h i s  modulated l i g h t  f a l l s  upon a 
One complete  on-off  c y c l e  a t  t h e  o u t p u t  of  t h e  t h r e s h o l d  d e t e c t o r  
deno tes  64 microns of  beam t r a v e l .  Thus, t h e  beam p o s i t i o n  c a n  be d e t e r -  
mined w i t h i n  64 microns by c o u n t i n g  t h e  p u l s e s  a t  t h e  o u t p u t  of  t h e  
t h r e s h o l d  d e t e c t o r .  The o u t p u t  of  t h e  t h r e s h o l d  d e t e c t o r  d r i v e s  two 
c o u n t e r s .  One of  t h e s e  c o u n t e r s  measures t h e  number of r e t i c l e  b a r s  from 
t h e  base of  t h e  s t r i p e  t o  any  p o i n t  a long  t h e  s c a n  p a t h .  T h i s  c o u n t e r  
p r o v i d e s  t h e  yo measurement o f  F i g u r e  34 w h i l e  t h e  second c o u n t e r  p r o v i d e s  
t h e  y2 measurement. S i n c e  t h e  t o t a l  number of  opaque and t r a n s p a r e n t  b a r s  
on t h e  r e t i c l e  p l a t e  i s  f i x e d ,  t h e  f i r s t  r e t i c l e  c o u n t e r  mentioned above 
shou ld  always be a t  a p r e d i c t a b l e  s t a t e  a t  t h e  end of  each s c a n .  Thus a 
p a r i t y  check can  be performed on t h e  r e t i c l e  c o u n t e r  s imply  by comparing 
t h e  f i n a l  c o u n t e r  s t a t e  w i t h  t h e  v a l u e  t h a t  i t  shou ld  have a t  t h e  end of  
each scan .  
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S i n c e  many of t h e  s tars  of  i n t e r e s t  w i l l  be of t h e  o r d e r  of  20 microns ,  
t h e  64 micron s p a c i n g  between t r a n s p a r e n t  b a r s  on t h e  r e t i c l e  p l a t e  i s  
t o o  c o a r s e  f o r  measuring t h e  l e a d i n g  and t r a i l i n g  edge p o s i t i o n s  of t h e  
stars. It i s  t h e r e f o r e  n e c e s s a r y  t o  i n t e r p o l a t e  between s u c c e s s i v e  
r e t i c l e  b a r s .  T h i s  i n t e r p o l a t i o n  i s  accomplished by d r i v i n g  a 6 - b i t  
c o u n t e r  a t  a ra te  which i s  64 times as g r e a t  a s  t h e  rate a t  which t h e  
r e t i c l e  b a r s  o c c u r .  Thus t h e  i n t e r p o l a t i o n  c o u n t e r  subdiv ides  t h e  r e t i c l e  
spac ing  i n t o  64 p a r t s  and p e r m i t s  t h e  i n d i c a t i o n  of  beam p o s i t i o n  t o  one 
micron. 
F i g u r e  34. The i n t e r p o l a t i o n  scheme i s  based on t h e  assumption t h a t  t h e  
s p o t  speed i s  c o n s t a n t  throughout  t h e  l e n g t h  of t h e  16 m i l l i m e t e r  s c a n .  
T h i s  assumption i s  c l o s e  but  n o t  comple te ly  c o r r e c t  and consequent ly  i t  
may be n e c e s s a r y  t o  i n c l u d e  a c o r r e c t i o n  t a b l e  i n  t h e  computer program 
which p r o c e s s e s  t h e  s t a r  d a t a .  
T h i s  c o u n t e r  p r o v i d e s  t h e  yl and y3 measurements shown i n  
We see from t h e  above t h a t  t h e  s t a r  t r a n s i t  d a t a  does not  provide  a 
d i r e c t  measurement of t h e  width 6 y  
p a t h ;  however, t h i s  q u a n t i t y  can  be computer from t h e  t r a n s i t  d a t a .  
R e f e r r i n g  t o  F i g u r e  34 we  s e e  t h a t  
of t h e  s t a r  as measured a long  t h e  scan  
6 Y  = Y2 + Y3 - 
T h i s  q u a n t i t y  i s  computed p r i o r  t o  t r a n s f e r r i n g  t h e  s t a r  t r a n s i t  d a t a  t o  
t h e  memory. 
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D. Data Flow I n t o  and Out of Core Memory 
Having c o n s i d e r e d  t h e  type  of  d a t a  which i s  a s s o c i a t e d  w i t h  each star 
t r a n s i t  w e  n e x t  s h i f t  our  a t t e n t i o n  t o  t h e  flow of d a t a  from t h e  s o u r c e s  
t o  t h e  magnet ic  t a p e .  
F i g u r e  37 shows t h e  b a s i c  b lock  diagram f o r  t h e  d a t a  a c q u i s i t i o n  system 
whi le  F i g u r e s  38, 39,  and 40 show t h e  system i n  g r e a t e r  d e t a i l .  R e f e r r i n g  
t o  F i g u r e  37, as X, Y ,  o r  s t a r  t r a n s i t  i n f o r m a t i o n  i s  g e n e r a t e d  on one of t h e  
c h a n n e l s ,  t h e  i n f o r m a t i o n  i s  t r a n s f e r r e d  t o  a group of  v e r t i c a l l y  s t a c k e d  
b u f f e r  r e g i s t e r s .  These b u f f e r s  a l l o w  s t a r  t r a n s i t  d a t a  t o  accumulate 
whi le  t h e  memory i s  e i t h e r  busy r e c o r d i n g  d a t a  from one of t h e  o t h e r  
channels  o r  i s  r e a d i n g  d a t a  f o r  t r a n s f e r  t o  t h e  magnetic t a p e  u n i t .  The 
b u f f e r s  a l s o  s e r v e  a second f u n c t i o n  of a l l o w i n g  s h o r t  b u r s t s  of  d a t a  t o  
be accumulated a t  a f a s t e r  ra te  t h a n  t h e  memory c a n  r e c o r d  i t .  
Each channel  i s  a l l o c a t e d  one-half  o f  t h e  memory, and, as a g i v e n  
channel  f i l l s  h a l f  of i t s  a v a i l a b l e  s t o r a g e ,  t h e  memory c o n t r o l s  i n i t i a t e  
t h e  t r a n s f e r  of t h a t  d a t a  t o  t h e  t a p e  u n i t .  Thus d a t a  i s  t r a n s f e r r e d  t o  
t h e  tape  u n i t  i n  b locks  of 1024 words ( i . e . ,  one- four th  of t h e  memory). 
A s  i n f o r m a t i o n  i s  r e a d  from t h e  memory i t  i s  passed  through a n  adder .  I f  
t h e  i n f o r m a t i o n  r e p r e s e n t s  t h e  X p o s i t i o n  of t h e  s p o t  o r  t h e  Y p o s i t i o n  
of t h e  s t r i p e ,  it i s  passed through t h e  adder  u n a l t e r e d .  However, i f  
t h e  i n f o r m a t i o n  r e p r e s e n t s  a s ta r  t r a n s i t ,  i t  i s  o p e r a t e d  on s o  as t o  
o b t a i n  t h e  s t a r  wid th ,  6 y ,  as g i v e n  by Equat ion ( 2 ) .  
t h e  v e r t i c a l  d i s t a n c e  a t  which i n g r e s s  o c c u r r e d ,  y 
f e r r e d  t o  t a p e .  
The star width and 
+ yl ,  a r e  t h e n  t r a n s -  
0 
The d a t a  which i s  t r a n s f e r r e d  t o  t h e  magnetic t a p e  c o n s i s t s  of a 
2 4 - b i t  number which i s  disassembled i n t o  f o u r  6 - b i t  g roups .  Each 6 - b i t  
group has  a p a r i t y  b i t  added t o  i t ,  and t h e  r e s u l t i n g  7 - b i t  number i s  
w r i t t e n  on t a p e  as one frame of d a t a .  The t a p e  u n i t  r e c o r d s  and r e a d s  
d a t a  a t  t h e  ra te  of  one frame e v e r y  12 microseconds; t h u s ,  48 microseconds 
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are r e q u i r e d  t o  t r a n s f e r  t h e  i n f o r m a t i o n  a s s o c i a t e d  w i t h  one s t a r  t r a n s i t  
t o  t a p e .  This  t r a n s f e r  ra te  of one memory word e v e r y  48 microseconds sets 
t h e  maximum average  ra te  a t  which s t a r  t r a n s i t  d a t a  can be a c q u i r e d  from 
b o t h  channels  combined. 
The 4096 word magnetic c o r e  memory s e r v e s  as a b u f f e r  between t h e  
s ta r  p l a t e s  and t h e  magnetic t a p e  u n i t .  There are s e v e r a l  reasons  f o r  
u s i n g  such a b u f f e r .  F i r s t ,  t h e  d a t a  coming from t h e  s t a r  p l a t e s  o c c u r s  
a t  a random r a t e ,  whi le  t h e  d a t a  t r a n s f e r  t o  t h e  t a p e  u n i t  occurs  a t  a 
c o n s t a n t  r a t e  of one frame e v e r y  12 microseconds.  Thus t h e  memory a l lows  
d a t a  t o  accumulate asynchronously b u t  p e r m i t s  t h e  t r a n s f e r  of d a t a  t o  t h e  
t a p e  u n i t  a t  a synchronous ra te .  The second r e a s o n  f o r  u s i n g  t h e  c o r e  
memory i s  t h a t  i s  has  a v e r y  f a s t  c y c l e  time--of t h e  o r d e r  of 700 t o  800 
nanoseconds. Thus t h e  memory can  accumulate b u r s t s  of d a t a  which occur  
a t  a r a t e  f a r  i n  e x c e s s  of  t h e  r a t e  a t  which d a t a  could  be t r a n s f e r r e d  t o  
t h e  tape  u n i t .  Another advantage of  t h e  memory i s  t h a t  i t  a l lows  d a t a  t o  
be accumulated and t r a n s f e r r e d  t o  t h e  tape  u n i t  i n  l a r g e  b locks  of consecu- 
t i v e  words r a t h e r  t h a n  r e c o r d i n g  t r a n s i t  d a t a  i n  t h e  o r d e r  i n  which t h e y  
occur .  Thus,  when t h e  taped  d a t a  are t r a n s f e r r e d  t o  t h e  computer,  t h e  
program must o n l y  check one f l a g  b i t  i n  o r d e r  t o  determine which p l a t e  
t h e  block of d a t a  came from. I f  t h e  d a t a  were recorded  i n  t h e  same . 
sequence i n  which i t  o c c u r r e d ,  t h e  computer would have t o  check a f l a g  
b i t  i n  each word of  d a t a  t o  de te rmine  t h e  p l a t e  t h a t  it came from and t h i s  
could  be v e r y  t i m e  consuming. 
R e f e r r i n g  t o  F i g u r e  38,  w e  f i n d  t h a t  t h e  CX,  CY, YS, and C I  c o u n t e r s  
provide  t h e  d a t a  which a r e  common t o  both c h a n n e l s .  The TD g a t e s  a l s o  
provide  d a t a  which a r e  common t o  both channels ;  however, t h e s e  g a t e s  are 
o n l y  used d u r i n g  system tes t s .  The above f o u r  c o u n t e r s  a long  wi th  t h e  
CW c o u n t e r  i n  each channel  provide  a l l  of t h e  q u a n t i t i e s  shown i n  F i g u r e  34. 
Table  I11 shows t h e  correspondence between t h e  q u a n t i t i e s  shown i n  F i g u r e  34 
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TABLE I11 
CORRESPONDENCE BETWEEN QUANTITIES SHOWN I N  FIGURE 34 
AND DATA SOURCES SHOWN I N  FIGURE 38 
Q u a n t i t y  Shown 







C I  
cw 
C I  
and t h e  c o u n t e r s  of F i g u r e  38 which g e n e r a t e  them. 
The CY c o u n t e r  p r o v i d e s  t h e  Y dimension. S i n c e  t h i s  q u a n t i t y  does 
n o t  change over  t h e  l e n g t h  of t h e  s t r i p e ,  i t  i s  o n l y  n e c e s s a r y  t o  sample 
CY a t  t h e  beginning of each s t r i p e .  The c o n t e n t s  of t h e  CY c o u n t e r  are 
t r a n s f e r r e d  t o  t a p e  as a s i n g l e  r e c o r d  b e f o r e  s ta r  d a t a  a c q u i s i t i o n  i s  
i n i t i a t e d .  The CY d a t a  i s  r e p r e s e n t e d  by a 1 9 - b i t  number; however, when 
t h i s  number i s  t r a n s f e r r e d  t o  t a p e ,  i t  r e q u i r e s  a minimum of f o u r  6 - b i t  
f rames,  i . e . ,  24 b i t s .  The f i v e  b i t s  which are n o t  r e q u i r e d  f o r  t h e  
r e p r e s e n t a t i o n  of t h e  c o n t e n t s  of t h e  CY c o u n t e r  may be used as f l a g  b i t s  
t o  i n d i c a t e  whether o r  n o t  s c a n  d a t a  fo l lows  t h e  YS r e c o r d .  The f o r m a t t i n g  
of  t h e  CY d a t a  and t h e  f l a g  b i t s  as t h e y  appear  i n  t h e  memory and on t a p e  
i s  shown i n  F i g u r e  4 1 .  
The CX c o u n t e r  p r o v i d e s  t h e  X dimension and i s  sampled a t  t h e  beginning 
of  each s c a n  of t h e  laser s p o t .  Consequent ly ,  t h e  CX d a t a  i s  in te rmixed  
w i t h  t h e  s c a n  d a t a ,  and i t  i s  n e c e s s a r y  t o  provide  some means of  d i f f e r e n t i a t -  
i n g  between t h e  t y p e  t y p e s  o f  d a t a .  F i g u r e  42 shows t h e  f o r m a t t i n g  of  t h e  
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94 22 20 I8 16 I4 12 IO 0 6 4 2 0 
a) Format t ing  of CY d a t a  i n  
memory (CY) 
i " ' i i i i i i i " i i i i i  
22 20 10 16 I4 12 IO 0 6 4 2 0 
l i l l i i l ' i ' i i l i ' i i  (CY 1 b) Format t ing  o f  CY d a t a  on 
t a p e  I I FRAME I I FRAME 2 I FRAME 3 I FRAME 4 4 2 0 4 2 0 4 2 0 4 2 0  
ET = 1 = End of t a p e  
EP = 1 = End of p l a t e  
ES = 1 = End of  p a r t i a l  s c a n  
P = P a r i t y  b i t  
= Not used 
F i g u r e  41: Formats of CY Data 
CX d a t a  as i t  appears  i n  t h e  memory and on t h e  t a p e .  It w i l l  be noted  t h a t  
b i t s  1 9  through 23 are s e t  t o  "one" i n  t h e  CX d a t a .  
cannot  occur  a t  t h e s e  b i t  p o s i t i o n s  i n  t h e  s t a r  t r a n s i t  d a t a ,  and t h u s  t h e  
computer program h a s  o n l y  t o  check t h e s e  b i t  p o s i t i o n s  i n  o r d e r  t o  d i s t i n g u i s h  
between CX d a t a  and s ta r  t r a n s i t  d a t a .  It was noted e a r l i e r  t h a t  t h e  s t a r  
t r a n s i t  d a t a  must be modif ied by p a s s i n g  i t  through a n  adder  b e f o r e  i t  i s  
t r a n s f e r r e d  t o  t a p e .  The CX d a t a  must n o t  be modif ied as it i s  t r a n s f e r r e d  
t o  t a p e ,  and, f o r  t h i s  reason ,  i t  i s  necessary  t o  be a b l e  t o  d i s t i n g u i s h  
between s t a r  t r a n s i t  d a t a  and CX d a t a  p r i o r  t o  p a s s i n g  i t  through t h e  
adder .  T h i s  d i s t i n c t i o n  could  be made by examining b i t s  19  through 23;  
however, s i n c e  s p a r e  b i t s  are a v a i l a b l e  i n  t h e  memory word, i t  i s  easier t o  
t e s t  one of  t h e s e  b i t s .  Thus, b i t  l o c a t i o n  24 i s  a s s i g n e d  t h e  v a l u e  of  
T h i s  p a t t e r n  of b i t s  
one" f o r  CX d a t a  and "zero" f o r  s t a r  t r a n s i t  d a t a .  II 
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26 24 22 20 18 16 I4 12 IO 8 6 4 2 0 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
(CX 1 
22 20 I8 16 I4 12 IO 6 6 4 2 -  0 
I l l I I  
1 4  2 , 0 1 4  2 0 1 4  
I I 
2 0 1 4  2 01 
FRAME I FRAME 2 FRAME 3 FRAME 4 
a) Forma t t ing  of  CX d a t a  
i n  memory 
b) Forma t t ing  of  CX d a t a  
o n  t a p e  
P = P a r i t y  b i t  
= Not used 
F i g u r e  42: Formats of  CX Data 
The i n t e r p o l a t i o n  c o u n t e r  performs a 6 - b i t  i n t e r p o l a t i o n  between 
s u c c e s s i v e  r e t i c l e  b a r s  and p r o v i d e s  t h e  y and y measurements shown i n  
F i g u r e  3 4 .  It w i l l  be no ted  from F i g u r e  38 t h a t  t h i s  c o u n t e r  i s  d r i v e n  
by e i t h e r  t h e  d i r e c t  o r  s c a l e d  o u t p u t  o f  a 25 mhz o s c i l l a t o r .  The ra te  
a t  which t h e  c o u n t e r  i s  d r i v e n  i s  determined by t h e  speed a t  which t h e  
scanne r  i s  be ing  o p e r a t e d .  The C I  c o u n t e r  i s  c l e a r e d  o u t  ( i . e . ,  zeroed)  
i n  synchronism w i t h  t h e  f i r s t  complete  C I  coun t  p u l s e  t o  be g e n e r a t e d  a f t e r  
t h e  occur rence  o f  t h e  l e a d i n g  edge o f  each r e t i c l e  b a r .  The s i g n a l  which 
c lears  t h e  C I  c o u n t e r  a l s o  c a u s e s  t h e  YS c o u n t e r  t o  be indexed.  Thus t h e  
combinat ion o f  t h e  YS and C I  c o u n t e r s  behaves as though it were one l a r g e  
1 4 - b i t  c o u n t e r  w i t h  t h e  C I  c o u n t e r  p r o v i d i n g  t h e  lower s i x  b i t s .  The YS 
c o u n t e r  g e n e r a t e s  t h e  yo measurement shown i n  F i g u r e  3 4 .  
i s  c l e a r e d  immediately p r i o r  t o  t h e  beg inn ing  of each s c a n  and t h e n  c o u n t s  
t h e  r e t i c l e  b a r s  which are p a s s e d  by t h e  laser s p o t  d u r i n g  t h e  c o u r s e  of  
t h e  scan .  The YS p a r i t y  check i s  performed a t  t h e  end o f  t h e  s c a n .  
1 3 
T h i s  c o u n t e r  
The y2 measurement i s  performed by t h e  CW c o u n t e r  i n  each o f  t h e  two 
channe l s .  When t h i s  c o u n t e r  i s  i n  o p e r a t i o n  it  behaves as though i t  were a n  
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e x t e n s i o n  of t h e  C I  c o u n t e r .  Thus, t h e  CW c o u n t e r  i s  indexed a t  t h e  t i m e  
t h a t  t h e  G I  c o u n t e r  i s  c l e a r e d .  The indexing  of each CW c o u n t e r  i s  performed 
by t h e  same t iming  c h a i n  which indexes  t h e  YS c o u n t e r .  The CW c o u n t e r  f o r  
a p a r t i c u l a r  channel  i s  enabled  ( turned  on) s h o r t l y  a f t e r  a s t a r  i n g r e s s  
o c c u r s .  The e x a c t  t i m e  a t  which t h e  c o u n t e r  can  be enabled  i s  determined 
by t h e  s t a t e ' o f  t h e  t iming  c h a i n  which d r i v e s  t h e  YS c o u n t e r  and CW 
(when i t  i s  e n a b l e d ) .  
indexing  t h e  YS c o u n t e r  a t  t h e  t i m e  of t h e  s ta r  i n g r e s s ,  then  t h e  CW 
c o u n t e r  cannot  be enabled  u n t i l  t h e  YS c o u n t e r  has  completed i t s  indexing  
c y c l e .  One method of e n a b l i n g  t h e  CW c o u n t e r  i s  t o  monitor t h e  h i g h  
o r d e r  b i t  of t h e  6 - b i t  G I  c o u n t e r .  The CW enable  can  t h e n  be s e t  whenever 
t h i s  b i t  i s  a "one." I d e a l l y ,  t h i s  b i t  i s  s e t  1 . 2 8  microsecond a f t e r  t h e  
YS t iming c h a i n  i s  i n i t i a t e d .  The YS t iming  c h a i n  r e q u i r e s  approximate ly  
400 nanoseconds t o  c y c l e  t o  complet ion.  Thus, t h e r e  i s  approximately a n  
800 nanosecond " s a f e t y  zone" between t h e  t i m e  t h a t  t h e  YS t iming  c h a i n  
h a l t s  and t h e  e a r l i e s t  t i m e  a t  which t h e  CW c o u n t e r  can be enabled .  It was 
noted  e a r l i e r  t h a t  t h e  YS t iming  c h a i n  was s t a r t e d  by t h e  s i g n a l  which 
c l e a r e d  t h e  C I  c o u n t e r .  We, t h e r e f o r e ,  see t h a t  t h e  h igh-order  b i t  of t h e  
C I  c o u n t e r  can never  be i n  a s e t  s t a t e  d u r i n g  t h e  t i m e  t h a t  t h e  YS t iming  
Thus, i f  t h e  YS t i m i n g  c h a i n  i s  i n  t h e  p r o c e s s  of 
c h a i n  i s  c y c l i n g ,  and, f o r  t h i s  reason ,  t h e  b i t  makes a v e r y  good f l a g  
f o r  d e c i d i n g  when t o  enable  CW. 
The YS and CW c o u n t e r s  f e e d  a hold ing  r e g i s t e r  i n  each channel ,  
while  t h e  G I  c o u n t e r  f e e d s  two h o l d i n g  r e g i s t e r s  i n  each channel .  These 
r e g i s t e r s  c o n t i n u a l l y  f o l l o w  t h e  changes which o c c u r  i n  t h e  c o u n t e r s  which 
t h e y  monitor .  When a s ta r  t r a n s i t  t a k e s  p l a c e ,  t h e s e  r e g i s t e r s  s t o p  
fo l lowing  t h e i r  c o u n t e r s  a t  a p p r o p r i a t e  times t o  o b t a i n  t h e  t r a n s i t  d a t a .  
The s tar  i n g r e s s  r e s u l t s  i n  t h e  h a l t i n g  of t h e  HY and H I 1  r e g i s t e r s .  These 
two r e g i s t e r s  t h e n  c o n t a i n  y and y r e s p e c t i v e l y .  The i n g r e s s  d a t a  
f l a g  i s  t h e n  s e t  t o  inform t h e  c o n t r o l s  which o p e r a t e  t h e  assembly (A) 
r e g i s t e r  t h a t  t h e  i n g r e s s  d a t a  i s  ready t o  be t r a n s f e r r e d  t o  t h e  A r e g i s t e r .  
I f  t h e  A r e g i s t e r  does not  c o n t a i n  t h e  d a t a  f o r  t h e  prev ious  s t a r  t r a n s i t ,  
0 1' 
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t h e  i n g r e s s  d a t a  w i l l  be t r a n s f e r r e d  as soon as i t s  d a t a  f l a g  i s  se t .  
Otherwise,  t h e  i n g r e s s  d a t a  cannot  be t r a n s f e r r e d  t o  t h e  A r e g i s t e r  u n t i l  
t h e  A r e g i s t e r  h a s  t r a n s f e r r e d  i t s  c o n t e n t s  t o  t h e  r e g i s t e r  which it f e e d s .  
A s  soon as t h e  t r a n s f e r  of t h e  HY and H I 1  r e g i s t e r s  t o  t h e  A r e g i s t e r  
h a s  been completed,  t h e s e  two r e g i s t e r s  w i l l  resume f o l l o w i n g  t h e  changes 
i n  t h e i r  r e s p e c t i v e  c o u n t e r s .  T h i s  event  may a c t u a l l y  precede t h e  e g r e s s  
o f  t h e  s t a r .  When t h e  s ta r  e g r e s s  o c c u r s ,  t h e  HW and HI2 r e g i s t e r s  a r e  
h a l t e d  and t h e  e g r e s s  d a t a  f l a g  i s  s e t .  These two r e g i s t e r s  t h e n  c o n t a i n  
t h e  y and y d a t a ,  r e s p e c t i v e l y .  The c o n d i t i o n s  f o r  t r a n s f e r r i n g  e g r e s s  
d a t a  t o  t h e  A r e g i s t e r  are t h e  same a s  t h e  c a s e  f o r  t h e  i n g r e s s  d a t a .  
When t h e  A r e g i s t e r  c o n t a i n s  both t h e  i n g r e s s  and e g r e s s  d a t a ,  t h e  A d a t a  
f l a g  i s  s e t  t o  i n i t i a t e  t h e  t r a n s f e r  of d a t a  from t h e  A r e g i s t e r  t o  t h e  
b u f f e r  r e g i s t e r  t h a t  i t  f e e d s .  The t r a n s i t  d a t a  e v e n t u a l l y  works i t s  way 
down through t h e  b u f f e r  r e g i s t e r s  t o  t h e  BOO r e g i s t e r ,  and from t h e r e  t h e  
d a t a  i s  t r a n s f e r r e d  i n t o  t h e  memory. F i g u r e  43 shows t h e  f o r m a t t i n g  of 
t h e  t r a n s i t  d a t a  s t o r e d  i n  t h e  memory. 
2 3 
The t r a n s f e r  of d a t a  from t h e  v a r i o u s  d a t a  s o u r c e s  t o  t h e  memory i s  
completely c o n t r o l l e d  by a f l a g  b i t  which accompanies each p i e c e  of  d a t a  
as i t  makes i t s  i n t e r r e g i s t e r  journey  t o  t h e  memory. Each r e g i s t e r  i n  
t h e  c h a i n  l e a d i n g  t o  t h e  memory h a s  an  a s s o c i a t e d  f l a g  b i t .  When t h i s  b i t  
i s  s e t  i t  s i g n i f i e s  t h a t  t h e  r e g i s t e r  c o n t a i n s  d a t a  which i s  ready  f o r  
t r a n s f e r  t o  t h e  next  r e g i s t e r .  Upon complet ion of  t h e  t r a n s f e r  t o  t h e  next  
P = P a r i t y  b i t  
= Not used 
F i g u r e  4 3 :  Format t ing  of T r a n s i t  Data i n  Memory 
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r e g i s t e r  t h e  d a t a  f l a g  of  t h e  f i r s t  reg is te r  i s  c l e a r e d ,  and t h e  d a t a  f l a g  
o f  t h e  second reg is te r  i s  s e t .  F i g u r e s  44 and 45 show t h e  t y p e s  o f  d a t a  
t r a n s f e r s  which t a k e  p l a c e  as t h e  b u f f e r  r e g i s t e r  ( a c t u a l l y  f i v e  reg is te rs )  
i s  p r o g r e s s i v e l y  f i l l e d  and t h e n  emptied.  An a r r cw d i r e c t e d  from one 
r e g i s t e r  t o  t h e  n e x t  r e g i s t e r  i n  t h e  c h a i n  i n d i c a t e s  t h a t  the p a t t e r n  of  
f l a g  b i t s  i s  such t h a t  a d a t a  t r a n s f e r  c a n  t a k e  p l a c e  between t h e s e  two 
r e g i s t e r s .  I f  a n  arrow does n o t  appea r  between two r e g i s t e r s  i n  a p a r t i c u l a r  
s u b f i g u r e ,  t h e  p a t t e r n  o f  f l a g  b i t s  i s  such as t o  p r e v e n t  any t r a n s f e r  
between two r e g i s t e r s .  We n o t e  from s u b f i g u r e s  (a) through (e) t h a t  t h e  
f i r s t  word t o  e n t e r  t h e  A r e g i s t e r  s imply moves from one r e g i s t e r  t o  t h e  
nex t  u n t i l  i t  r e a c h e s  t h e  BOO r e g i s t e r .  When t h e  d a t a  f l a g  i s  se t  i n  t h e  
BOO r e g i s t e r ,  a r e q u e s t  f o r  a c c e s s  i s  s e n t  t o  t h e  memory c o n t r o l l e r .  When 
t h e  memory c o n t r o l l e r  acknowledges t h i s  r e q u e s t ,  t h e  c o n t e n t s  of  t h e  BOO 
r e g i s t e r  can  be t r a n s f e r r e d  t o  t h e  memory; however, i t  i s  p o s s i b l e  t h a t  t h e  
c o n t r o l l e r  may be i n  t h e  p r o c e s s  of acknowledging a r e q u e s t  t o  r e c o r d  d a t a  
from t h e  o t h e r  channe l  o r  r e a d i n g  d a t a  f o r  t r a n s f e r  t o  t h e  t a p e  u n i t .  
Under c e r t a i n  c o n d i t i o n s  t h e  c o n t r o l l e r  may have t o  acknowledge b o t h  of  
t h e  a f o r e s a i d  r e q u e s t s  b e f o r e  i t  can  s e r v i c e  t h e  BOO r e g i s t e r  of  t h e  
channe l  under c o n s i d e r a t i o n .  During t h i s  p e r i o d  of  t i m e ,  d a t a  c a n  c o n t i n u e  
t o  accumulate  and i t  is  p o s s i b l e  t h a t  t h e  b u f f e r  may be e n t i r e l y  f i l l e d  t o  
i t s  c a p a c i t y  of  t h r e e  words. 
T h i s  i s  t h e  s i t u a t i o n  which i s  d e p i c t e d  i n  s u b f i g u r e s  (a) through (i) 
o f  F i g u r e s  44 and 45. It shou ld  be noted from s u b f i g u r e s  (h) and (i) t h a t  
when t h e  BOO reg is te r  i s  f i l l e d  and d a t a  accumulates  i n  t h e  r ema in ing  
c o n s e c u t i v e  even r e g i s t e r s ,  t h e  t r a n s f e r  of d a t a  o v e r  t o  t h e  odd r e g i s t e r s  
is no t  i n i t i a t e d .  The r e a s o n  f o r  n o t  performing t h e s e  t r a n s f e r s  i s  made 
e v i d e n t  i n  s u b f i g u r e s  ( j )  and (k) .  When t h e  c o n t e n t s  of  t h e  BOO r e g i s t e r  
are t r a n s f e r r e d  t o  t h e  memory and t h e  BOO d a t a  f l a t  i s  s u b s e q u e n t l y  c l e a r e d ,  
t h e  t r a n s f e r s  o f  d a t a  from a l l  even r e g i s t e r s  hav ing  s e t  d a t a  f l a g s  t o  
t h e  odd r e g i s t e r s  which t h e y  f e e d  are s i m u l t a n e o u s l y  i n i t i a t e d .  Thus,  t h e  
i n t e r v a l  between t h e  t ime a t  which t h e  BOO d a t a  f l a g  i s  c l e a r e d  and t h e  
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B I  
BO 
I;LAG 
ODD I EVEN 





3 I 1 .  
I 
I 
F i g u r e  44: Data T r a n s f e r s  Through B u f f e r  R e g i s t e r  as It i s  
F i l l e d  and t h e n  Emptied 
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F i g u r e  45: Data T r a n s f e r s  Through t h e  B u f f e r  R e g i s t e r s  
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t i m e  a t  which t h e  A r e g i s t e r  i s  f r e e  t o  r e c o r d  new d a t a  c o n s i s t s  o n l y  of 
t h a t  t i m e  r e q u i r e d  t o  t r a n s f e r  t h e  c o n t e n t s  of A over  t o  t h e  B 1 1  r e g i s t e r .  
T h i s  method of d a t a  s t o r a g e  and t r a n s f e r  w i t h i n  t h e  b u f f e r s  can  be c o n t r a s t e d  
w i t h  t h e  c a s e  where a l l  f i v e  r e g i s t e r e o f  t h e  b u f f e r  are f i l l e d  and each 
d a t a  t r a n s f e r  i s  i n i t i a t e d  by a d a t a  f l a g  be ing  i n  a se t  s t a t e  i n  one 
r e g i s t e r  and i n  a c l e a r e d  s t a t e  i n  t h e  immediately f o l l o w i n g  r e g i s t e r .  
I n  t h i s  case t h e  downward f low of d a t a  ( i . e . ,  from A toward t h e  memory) 
fo l lows  t h e  upward p r o p a g a t i o n  of t h e  c l e a r e d  d a t a  f l a g  which o r i g i n a t e s  
a t  t h e  BOO r e g i s t e r .  
t h e  BOO d a t a  f l a g  i s  c l e a r e d  and t h e  t i m e  a t  which t h e  A d a t a  f l a g  i s  
c l e a r e d  c o n s i s t s  of t h e  t ime r e q u i r e d  t o  perform f o u r  r e g i s t e r  t r a n s f e r s :  
BO1 t o  BOO, B 1 0  t o  B 0 1 ,  B 1 1  t o  B 1 0 ,  and A t o  B 1 1 .  The consequence of  a 
long d e l a y  between t h e  t i m e  t h a t  t h e  BOO f l a g  i s  c l e a r e d  and t h e  t i m e  a t  
which t h e  A r e g i s t e r  i s  f r e e  t o  a c c e p t  new d a t a  i s  t h a t  t h e r e  i s  a g r e a t e r  
p r o b a b i l i t y  of miss ing  a s ta r  t h a n  i s  t h e  c a s e  when a s h o r t  p r o p a g a t i o n  
d e l a y  ex is t s  as i n  F i g u r e s  44 and 45. 
For t h i s  c a s e ,  t h e  i n t e r v a l  between t h e  t i m e  a t  which 
It should  be noted from F i g u r e  38 t h a t  t h e  c o n t e n t s  of t h e  B 1 0  r e g i s t e r  
are f e d  t o  both a p a r i t y  g e n e r a t o r  and t h e  BO1 r e g i s t e r .  The o u t p u t  o f  t h e  
p a r i t y  g e n e r a t o r  i s  t h e n  appended t o  t h e  c o n t e n t s  of  t h e  B 1 0  r e g i s t e r  when 
t h e  c o n t e n t s  of B 1 0  are t r a n s f e r r e d  t o  B 0 1 .  The p a r i t y  g e n e r a t o r  r e q u i r e s  
s e v e r a l  more l e v e l s  of d e c i s i o n  t h a n  a r e  r e q u i r e d  f o r  t h e  t r a n s f e r  of d a t a  
from one r e g i s t e r  t o  a n o t h e r .  Thus t h e  t i m e  r e q u i r e d  t o  t r a n s f e r  t h e  
c o n t e n t s  of B 1 0  t o  B O 1  i s  g r e a t e r  t h a n  t h e  normal r e g i s t e r  t r a n s f e r  t i m e  
by t h e  amount necessary  t o  g e n e r a t e  t h e  p a r i t y  b i t .  P a r i t y  is  genera ted  
f o r  a l l  d a t a  which p a s s e s  through t h e  b u f f e r  r e g i s t e r .  However, t h e  memory 
bank s t a t u s  d a t a  and t h e  p l a t e  i d e n t i f i c a t i o n  d a t a  (which w i l l  be d i s c u s s e d  
l a t e r )  do n o t  p a s s  through t h e  b u f f e r  r e g i s t e r  and t h e r e f o r e  do not  have a 
p a r i t y  b i t .  These two t y p e s  of  d a t a  bypass t h e  memory p a r i t y  checker  when 
t h e y  a r e  t r a n s f e r r e d  t o  t a p e .  
It was noted e a r l i e r  t h a t  both channels  s h a r e  t h e  same memory. 
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Consequent ly ,  i t  i s  n e c e s s a r y  t o  d i v i d e  t h e  memory i n  such a manner t h a t  t h e  
d a t a  from t h e  two channels  can  be k e p t  s e p a r a t e .  T h i s  d i v i s i o n  i s  accom- 
p l i s h e d  by a d d r e s s i n g  t h e  memory as though i t  c o n s i s t e d  of  f o u r  b l o c k s ,  
o r  banks,  o f  1024 words each.  Channe! 1 i s  a s s i g n e d  t h e  lower two 
c o n s e c u t i v e  banks,  i . e . ,  banks z e r o  and one ,  whi le  Channel 2 i s  a s s i g n e d  
t h e  upper two c o n s e c u t i v e  banks,  i . e . ,  banks two and t h r e e .  It should  be 
noted t h a t  a 1 2 - b i t  word i s  r e q u i r e d  t o  a d d r e s s  any one of t h e  4096 words 
of memory. However, s i n c e  t h e  memory i s  d i v i d e d  i n t o  f o u r  banks of 1024 
words each ,  i t  i s  o n l y  necessary  t o  use t e n  b i t s  i n  o r d e r  t o  a d d r e s s  any 
word w i t h i n  a g i v e n  bank. The upper two b i t s  of t h e  1 2 - b i t  memory a d d r e s s  
can t h e n  be i n t e r p r e t e d  as be ing  t h e  bank d e s i g n a t o r .  The i n t e r p r e t a t i o n  
o f  t h e  memory a d d r e s s  b i t s  i s  i l l u s t r a t e d  i n  F igure  46.  
A t  any g i v e n  i n s t a n t ,  t h e  memory may be r e q u i r e d  t o  wr i t e  d a t a  from 
e i t h e r  Channel 1 o r  Channel 2 o r  r e a d  d a t a  from one of  t h e  banks f o r  
o u t p u t  t o  t h e  t a p e  u n i t .  Thus,  i t  i s  necessary  t o  have a v a i l a b l e  t h e  
memory a d d r e s s  f o r  w r i t i n g  d a t a  from Channel 1, t h e  memory a d d r e s s  f o r  
w r i t i n g  d a t a  from Channel 2 ,  and t h e  memory a d d r e s s  f o r  r e a d i n g  up d a t a  
from one of t h e  f o u r  banks f o r  o u t p u t  t o  t h e  t a p e  u n i t .  These a d d r e s s e s  
a r e  o b t a i n e d  from t h r e e  c o u n t e r s  shown i n  F igure  40 which are c o n t i n u a l l y  
updated as t h e  w r i t i n g  and r e a d i n g  p r o g r e s s e s .  The c o u n t e r s  which keep 
t r a c k  of  t h e  w r i t e  a d d r e s s e s  f o r  Channels 1 and 2 a r e  d e s i g n a t e d  PO and 
P1,  r e s p e c t i v e l y .  The c o u n t e r  which keeps t r a c k  of t h e  c u r r e n t  read  
1 1 1 0 9 8 7 6 5 4 3 2 1 0  
I 1 1 1 1 1 I 1 1 l  
v- 
BANK / ADDRESS WITHIN BANK 
DESIGNATOR 
Figure  46: I n t e r p r e t a t i o n  of  Memory Address B i t s  
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a d d r e s s  as one of t h e  f o u r  banks i s  being r e a d  i s  d e s i g n a t e d  P2. The PO 
c o u n t e r  can  o n l y  a d d r e s s  banks z e r o  and one,  and,  t h e r e f o r e ,  i t s  h i g h  
o r d e r  b i t  ( b i t  11) i s  f o r c e d  t o  a l o g i c a l  z e r o .  S i m i l a r l y ,  t h e  h i g h e r  
o r d e r  b i t  of t h e  P1 c o u n t e r  must be f q r c e d  t o  a l o g i c a l  one s i n c e  t h i s  
c o u n t e r  a d d r e s s e s  o n l y  banks two and t h r e e .  
L e t  us c o n s i d e r  t h e  e v e n t s  which t a k e  p l a c e  as i n f o r m a t i o n  i s  t r a n s -  
f e r r e d  from Channel 1 i n t o  t h e  memory and i s  s u b s e q u e n t l y  r e a d  from t h e  
memory f o r  t r a n s f e r  t o  t h e  t a p e .  
PO i s  s e t  t o  w r i t e  i n t o  word l o c a t i o n  one of bank z e r o ,  and P1 i s  se t  t o  
w r i t e  i n t o  word l o c a t i o n  one of  bank two. 
P r i o r  t o  t h e  i n i t i a t i o n  of s c a n  motion, 
When d a t a  becomes a v a i l a b l e  f o r  t r a n s f e r  from t h e  lower rank  of  t h e  
Channel 1 b u f f e r  r e g i s t e r  t o  t h e  memory, a f l a g  b i t  i s  s e t .  T h i s  b i t  
informs t h e  memory c o n t r o l l e r  t h a t  t h e  c o n t e n t s  o f  t h e  lower rank  of t h e  
Channel 1 b u f f e r  r e g i s t e r  should  be w r i t t e n  i n t o  t h e  memory l o c a t i o n  
d e s i g n a t e d  by t h e  PO c o u n t e r  a f t e r  a l l  h i g h e r  p r i o r i t y  r e q u e s t s  f o r  memory 
a c c e s s  have been honored. When Channel 1 g a i n s  a c c e s s  t o  t h e  memory, t h e  
c o n t e n t s  of PO are t r a n s f e r r e d  over  t o  t h e  memory a d d r e s s  r e g i s t e r  ( JP) .  
The c o n t e n t s  of  t h e  lower rank  of t h e  Channel 1 b u f f e r  r e g i s t e r  a r e  t h e n  
t r a n s f e r r e d  t o  t h e  memory, and ,  a t  t h e  same t ime,  t h e  PO c o u n t e r  i s  indexed 
t o  i t s  n e x t  s t a t e .  A s  t h e  f low of d a t a  from t h e  Channel 1 b u f f e r  r e g i s t e r  
t o  t h e  memory c o n t i n u e s ,  bank z e r o  i s  e v e n t u a l l y  f i l l e d .  As d a t a  i s  
w r i t t e n  i n t o  t h e  l a s t  word of bank z e r o  (memory l o c a t i o n  1 7 7 7  ) ,  t h e  PO 
c o u n t e r  i s  indexed t o  i t s  next  s t a t e .  Using normal o c t a l  count ing ,  
t h e  next  s t a t e  t o  occur  a f t e r  s t a t e  1 7 7 7  would be s t a t e  2000 Thus, 
t h i s  next  s t a t e  would correspond t o  ward z e r o  of bank one. It should  
be r e c a l l e d ,  however, t h a t  t h e  t r a n s f e r  of d a t a  i n t o  bank z e r o  was s t a r t e d  
w i t h  bank l o c a t i o n  one i n s t e a d  of  z e r o .  L o c a t i o n  z e r o  of a l l  f o u r  memory 
banks i s  r e s e r v e d  f o r  a s t a t u s  word. 
8 
8 8 '  
The s t a t u s  word of  each bank c o n t a i n s  a h i s t o r y  of t h e  s i g n i f i c a n t  
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e v e n t s  which t o o k  p l a c e  d u r i n g  t h e  t r a n s f e r  of d a t a  t o  t h e  bank, and,  
consequent ly ,  t h i s  word must be t h e  las t  word w r i t t e n  i n t o  t h e  bank. 
Lobat ion  z e r o  w a s  s e l e c t e d  f o r  t h e  s t a t u s  word s i n c e  i t  would t h e n  precede  
t h e  remaining bank i n f o r m a t i o n  be ing  t F a n s f e r r e d  from magnet ic  t a p e  t o  
t h e  computer f o r  d a t a  p r o c e s s i n g .  Thus, t h e  computer program c o u l d  dec ide  
how t o  t r ea t  t h e  d a t a  even b e f o r e  i t  had been comple te ly  r e a d  i n t o  t h e  
computer.  The f o r m a t t i n g  of  t h e  s t a t u s  word i s  g i v e n  i n  F i g u r e  47. 
8' We see from t h e  above t h a t  when t h e  PO c o u n t e r  ' is indexed from 1 7 7 7  
t h e  next  s t a t e  w i l l  a c t u a l l y  be 0000 i n  o r d e r  t o  permi t  t h e  w r i t i n g  of 8 
t h e  s t a t u s  word. A s  t h e  s t a t u s  word i s  be ing  w r i t t e n ,  t h e  PO c o u n t e r  i s  
indexed t o  i t s  next  s t a t e .  However, a t  t h i s  p o i n t ,  t h e  PO c o u n t e r  may 
a c t u a l l y  be thought  of as be ing  two c o u n t e r s :  one c o u n t e r  c o n s i s t i n g  of 
t h e  lower t e n  b i t s  of PO and t h e  second c o u n t e r  c o n s i s t i n g  of b i t  10 
( b i t  11 remains f i x e d  a t  a l o g i c a l  z e r o ) .  Thus, when t h e  PO c o u n t e r  i s  
26 24 22 20 18 I6 14 I 2  IO 8 6 4 2 0 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
SI SoUsUeU, UoF2 5 6 Po P, P, pS 5 pZ P; 
22 20 18 16 14 12 IO 8 6 4 2 0 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
s~s0u3u2ulu62 5 %% %5% %b% 5 
1 4 2 0 1 4 2 0 1 4 2 0 1 4 2 0 1  
1 FRAME I I FRAME 2 I FRAME 3 I FRAME 41 
I = 0 = Old p l a t e  
I = 1 = New p l a t e  
P = Address w i t h i n  bank a t  which memory overf low occurred  
F = Prism f a c e  producing t h e  scan  a s s o c i a t e d  wi th  l o c a t i o n  1 
U = Number of b u f f e r  r e g i s t e r  overf lows t o  occur  whi le  t h e  
S = Scanner speed 
of t h e  bank 
bank w a s  be ing  f i l l e d  
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indexed,  t h e  number a s s o c i a t e d  w i t h  t h e  lower t e n  b i t s  w i l l  be indexed 
by one, and t h e  number a s s o c i a t e d  wi th  b i t  t e n  w i l l  a l s o  be indexed by 
one. The f i n a l  s t a t e  of t h e  PO c o u n t e r  a f t e r  t h e  s t a t u s  word h a s  been 
w r i t t e n  w i l l  t h e n  be 2001 
t o  wr i t e  d a t a  i n t o  word one of bank one. 
I n  o t h e r  F o r d s ,  t h e  PO c o u n t e r  w i l l  be ready 8 '  
A t  t h e  same t i m e  t h a t  t h e  s t a t u s  word i s  be ing  w r i t t e n  i n t o  bank z e r o ,  
t h e  upper  two b i t s  of t h e  J P  r e g i s t e r  are t r a n s f e r r e d  t o  t h e  r e a d  sequence 
r e g i s t e r  (RS). The r e a d  sequence r e g i s t e r  i s  a c t u a l ' l y  a v e r t i c a l  s t a c k i n g  
of f o u r  two-bi t  r e g i s t e r s .  Data i s  i n s e r t e d  i n t o  t h e  top  r e g i s t e r  and 
f i l t e r s  down t o  t h e  bottom r e g i s t e r .  It i s  p o s s i b l e  t h a t  t h i s  r e g i s t e r  
w i l l  a l r e a d y  c o n t a i n  d a t a  a t  t h e  t i m e  t h a t  new d a t a  i s  e n t e r e d  i n t o  t h e  
t o p  r e g i s t e r .  I n  t h i s  case, t h e  new d a t a  w i l l  f i l t e r  down o n l y  as f a r  
as i t  can  go wi thout  r e p l a c i n g  t h e  d a t a  preceding  i t .  When t h e  two b i t s  
g e n e r a t e d  d u r i n g  t h e  w r i t i n g  of  t h e  bank z e r o  s t a t u s  word have f i l t e r e d  
down t o  t h e  bottom rank  of t h e  r e a d  sequence r e g i s t e r ,  a f l a g  b i t  w i l l  be 
s e t .  T h i s  f l a g  b i t  informs t h e  memory c o n t r o l l e r  t h a t  a bank of  memory i s  
f i l l e d  and i s  a v a i l a b l e  f o r  t r a n s f e r  t o  t a p e .  The t r a n s f e r  of d a t a  from 
t h e  memory t o  t h e  t a p e  u n i t  w i l l  be i n i t i a t e d  as soon as t h e  memory com- 
p l e t e s  t h e  o p e r a t i o n  which might have been i n  p r o g r e s s  a t  t h e  t i m e  t h a t  
t h e  f l a g  b i t  w a s  s e t  a t  t h e  bottom rank of t h e  r e a d  sequence r e g i s t e r .  
The o u t p u t  of d a t a  from t h e  memory i s  i n i t i a t e d  by c l e a r i n g  t h e  J P  r e g i s t e r  
and t r a n s f e r r i n g  t h e  two b i t s  from t h e  bottom of t h e  RS r e g i s t e r  t o  t h e  
upper two b i t s  of t h e  J P  r e g i s t e r .  Thus, t h e  f i r s t  word t o  be r e a d  from 
t h e  memory cor responds  t o  word z e r o  of t h e  bank which i s  be ing  t r a n s f e r r e d  
from t h e  memory. I n  t h i s  c a s e ,  t h e  bank i s  bank z e r o .  
While word z e r o  of  t h e  bank be ing  processed  i s  be ing  r e a d  up,  t h e  
c o n t e n t s  of t h e  J P  r e g i s t e r  are t r a n s f e r r e d  t o  t h e  P2 c o u n t e r ,  and ,  t h u s ,  
t h e  P2 c o u n t e r  i s  indexed t o  t h e  next  s t a t e ,  which would be word one of 
t h e  bank be ing  t r a n s f e r r e d  t o  t a p e .  Once t h e  bank z e r o  s t a t u s  word h a s  
been w r i t t e n ,  t h e  t r a n s f e r  of d a t a  from Channel 1 t o  t h e  memory c o n t i n u e s  
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w i t h  bank one. Concurrent  w i t h  t h e  w r i t i n g  of d a t a  i n t o  bank one t h e  
t r a n s f e r  of  d a t a  from bank z e r o  t o  t h e  t a p e  i s  a l s o  i n  p r o g r e s s .  Once t h e  
l as t  word of d a t a  h a s  been t r a n s f e r r e d  t o  bank one and i t s  s t a t u s  word 
w r i t t e n ,  t h e  w r i t i n g  of  s t a r  d a t a  w i l l - r e v e r t  back t o  bank z e r o ,  s t a r t i n g  
w i t h  word one. 
It i s  conce ivably  p o s s i b l e  t h a t  t h e  d a t a  t r a n s f e r  t o  t h e  memory may 
be c o n s i d e r a b l y  fas te r  t h a n  t h e  t r a n s f e r  of d a t a  from t h e  memory t o  t h e  
t a p e .  It i s  t h e r e f o r e  p o s s i b l e  t h a t  t h e  w r i t i n g  of d a t a  i n t o  bank z e r o  
may a c t u a l l y  c a t c h  up w i t h  t h e  reading  of  d a t a  from bank zero .  I f  t h e  
c o n d i t i o n  o c c u r s ,  where t h e  w r i t e  a d d r e s s  as d e s i g n a t e d  by t h e  PO c o u n t e r  
c o i n c i d e s  w i t h  t h e  r e a d  a d d r e s s  as d e s i g n a t e d  by t h e  P2 c o u n t e r ,  t h e  w r i t i n g  
o f  d a t a  w i l l  h a l t  u n t i l  such t i m e  as bank z e r o  has  been comple te ly  t r a n s -  
f e r r e d  t o  t h e  t a p e  u n i t ,  a t  which t i m e  t h e  w r i t i n g  of d a t a  i n t o  bank 
z e r o  w i l l  be resumed. When bank z e r o  i s  subsequent ly  f i l l e d ,  t h e  s t a t u s  
word a t  l o c a t i o n  z e r o  w i l l  i n d i c a t e  t h e  l o c a t i o n  at' which t h e  co inc idence  
between t h e  PO and P2 c o u n t e r s  occur red .  
It should  be noted t h a t  whenever t h e  wr i t e  a d d r e s s  c o i n c i d e s  w i t h  t h e  
r e a d  a d d r e s s  f o r  e i t h e r  channel ,  t h e  two banks which have been a s s i g n e d  t o  
t h a t  channel  have both been f i l l e d  and any a d d i t i o n a l  d a t a  o c c u r r i n g  
w i l l  r e p r e s e n t  overf low of  t h e  memory. These overf lows r e p r e s e n t  l o s t  
d a t a ,  and,  i f  t h e y  occur  t o o  f r e q u e n t l y ,  i t  w i l l  be necessary  f o r  t h e  
o p e r a t o r  t o  s t o p  t h e  scanning  of t h e  s t r i p e  and s t a r t  over  a t  a s lower 
scanning speed.  Whenever an overf low c o n d i t i o n  o c c u r s  on e i t h e r  
channel ,  a n  over f low c o u n t e r  a s s i g n e d  t o  t h a t  channel  w i l l  be indexed by 
one.  The c o n t e n t s  of both channel  overf low c o u n t e r s  are p r e s e n t e d  t o  t h e  
o p e r a t o r  as a v i s u a l  d i s p l a y ,  and,  t h u s ,  t h e  o p e r a t o r  may use  h i s  own 
judgment t o  determine when t h e  number of overf lows i s  t o o  g r e a t  f o r  a 
p a r t i c u l a r  s t r i p e .  I n  l i e u  of  any o p e r a t o r  a c t i o n ,  a u d i b l e  and v i s u a l  
alarms w i l l  be a c t u a t e d  when t h e  number of overf lows a s s o c i a t e d  w i t h  
e i t h e r  channel  reaches  o r  exceeds some predetermined number. I f  t h e  
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o p e r a t o r  does n o t  t a k e  any a c t i o n  a t  t h e  t i m e  t h a t  t h i s  a la rm o c c u r s ,  t h e  
scanning of  t h e  s t r i p e  w i l l  c o n t i n u e  t o  complet ion.  However, t h e  indexing  
t o  t h e  next  s t r i p e  w i l l  n o t  t a k e  p l a c e  and t h e  scanner  w i l l  remain i n  
a q u i e s c e n t  s ta te  u n t i l  t h e  o p e r a t o r  makes a d e c i s i o n  as t o  what t o  do 
n e x t .  
From t h e  above d i s c u s s i o n  i t  i s  r e a d i l y  apparent  t h a t  t h e r e  e x i s t s  a 
h i g h  p r o b a b i l i t y  t h a t  s imul taneous  r e q u e s t s  f o r  memory a c c e s s  w i l l  occur .  
Thus, i t  i s  necessary  t o  e s t a b l i s h  a set  of p r i o r i t i e s  as t o  which r e q u e s t  
w i l l  be answered f i r s t .  It w i l l  be r e c a l l e d  t h a t  t h e  t r a n s f e r  of d a t a  
e i t h e r  t o  o r  from the t a p e  u n i t  must occur a t  a uniform r a t e  of one frame 
e v e r y  1 2  microseconds.  Thus,  when d a t a  i s  be ing  t r a n s f e r r e d  t o  t h e  t a p e  
u n i t ,  i t  i s  necessary  t o  r e a d  from t h e  memory e v e r y  48 microseconds.  
S i n c e  t h e  t a p e  u n i t  r e q u i r e s  d a t a  a t  a uniform r a t e ,  a l l  r e q u e s t s  
f o r  t r a n s f e r  of d a t a  from t h e  memory w i l l  be g iven  p r i o r i t y  over  r e q u e s t s  
f o r  t r a n s f e r  of d a t a  t o  t h e  memory. The w r i t e  r e q u e s t s  i s s u e d  from e i t h e r  
channel  a r e  g i v e n  e q u a l  p r i o r i t y .  T h i s  i s  accomplished by a l t e r n a t e l y  
sampling t h e  d a t a  f l a g  a s s o c i a t e d  w i t h  Channel 1 b u f f e r  r e g i s t e r  BOO 
and t h e n  t h e  cor responding  f l a g  a s s o c i a t e d  wi th  Channel 2. Whenever t h e  
d a t a  f l a g  f o r  one of t h e  two channels  i s  s e t ,  t h e  channel  scanner  w i l l  
l o c k  on t h e  channel  having t h e  s e t  d a t a  f l a g  and w i l l  t h e n  g a t e  t h e  d a t a  
from t h a t  channel  t o  t h e  memory. 
The channel  scanner  remains locked on t h e  channel  having  t h e  s e t  
d a t a  f l a g  u n t i l  t h e  d a t a  h a s  been t r a n s f e r r e d  t o  t h e  memory, a t  which t i m e  
t h e  scanner  resumes a l t e r n a t e l y  sampling t h e  two channels  f o r  a n  i n d i c a t i o n  
of  a v a i l a b l e  d a t a .  There i s  one s i t u a t i o n  d u r i n g  which t h e  scanner  i s  not  
r e l e a s e d  a f t e r  d a t a  has  been t r a n s f e r r e d  from one of t h e  channels  t o  t h e  
memory. This  s i t u a t i o n  occurs  a f t e r  a l a s t  word h a s  been w r i t t e n  i n t o  
a p a r t i c u l a r  bank. The scanner  w i l l  remain locked u n t i l  t h e  s t a t u s  word 
h a s  been w r i t t e n  f o r  t h e  bank be ing  completed.  
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E .  Data Flow from Memory t o  Tape 
Having c o n s i d e r e d  t h e  c o n t r o l  o f  d a t a  f low through t h e  memory l e t  
u s  now c o n s i d e r  t h e  e v e n t s  which t a k e  p l a c e  when a word i s  r e a d  from t h e  
memory and t r a n s f e r r e d  t o  t a p e .  The t r a n s f e r  of  d a t a  th rough  the memory 
i s  c o n t r o l l e d  by means o f  a t i m i n g  c h a i n .  S h o r t l y  a f t e r  t h i s  t i m i n g  
c h a i n  i n i t i a f e s  a memory o u t p u t  c y c l e ,  i t  c lears  t h e  memory o u t p u t  
r e g i s t e r  (Ml) and t h e  a u x i l i a r y  memory o u t p u t  r e g i s t e r  (M2). When i n f o r -  
mat ion becomes a v a i l a b l e  a t  t h e  o u t p u t  o f  t h e  memory i t  i s  t h e n  g a t e d  t o  
t h e  s e t - s i d e  i n p u t s  of  t h e  M 1  r e g i s t e r .  A t  t h i s  p o i n t  t h e  l o g i c  which 
c o n t r o l s  t h e  i n p u t  of  d a t a  t o  t h e  adde r  (S) must d e c i d e  how t o  p r o c e s s  
t h e  d a t a  i n  t h e  M 1  r e g i s t e r .  I f  t h e  M 1  r e g i s t e r  c o n t a i n s  X o r  Y i n f o r -  
ma t ion ,  t h e  i n f o r m a t i o n  must n o t  be a l t e r e d  as i t  i s  p a s s e d  through t h e  
memory. Consequent ly  t h e  M2 r e g i s t e r  must be l e f t  i n  a c l e a r e d  s t a t e  
s o  t h a t  z e r o  i s  added o n t o  t h e  c o n t e n t s  o f  t h e  M 1  r eg i s t e r .  I f  t h e  M 1  
r e g i s t e r  c o n t a i n s  star t r a n s i t  d a t a ,  t h e  a d d e r  must g e n e r a t e  t h e  s t a r  
wid th  (6y) as g i v e n  by Equa t ion  ( 2 ) .  
are r e p l a c e d  by t h e  c o n t e n t s  o f  t h e  h o l d i n g  r e g i s t e r s  which sample t h e s e  
q u a n t i t i e s ,  w e  o b t a i n  
I f  yl ,  y2,  and y o f  Equa t ion  (2) 3 
6y  = (HW) + (12) - ( H I 1 )  (3) 
The q u a n t i t y  (HW) -t (HI2) i s  a 1 0 - b i t  number i n  which t h e  c o n t e n t s  o f  t h e  
HI2 r e g i s t e r  r e p r e s e n t  t h e  lower s i x  b i t s  and t h e  c o n t e n t s  of t h e  H W 1  
r e g i s t e r  r e p r e s e n t  t h e  upper f o u r  b i t s .  The c o n t e n t s  of t h e  H I 1  r e g i s t e r  
a l s o  r e p r e s e n t  a s i x - b i t  number; however, t h e  S adde r  t rea t s  t h i s  number 
as though i t  were a 1 0 - b i t  number w i t h  t h e  upper f o u r  b i t s  s e t  t o  z e r o .  
The s u b t r a c t i o n  i n d i c a t e d  i n  Equa t ion  (3) canno t  be performed d i r e c t l y ,  
and,  consequen t ly ,  i t  i s  n e c e s s a r y  t o  r e a r r a n g e  t h i s  e q u a t i o n  i n  such a 
manner t h a t  a l l  terms add.  It i s  shown i n  Appendix I t h a t  t h i s  rearrangement  
c a n  be accomplished by f i r s t  complementing(2)each b i t  of t h e  number 
(2) A b i t  i s  complemented when i t s  l o g i c a l  s i g n i f i c a n c e  i s  r e v e r s e d .  
a l o g i c a l  "1" i s  t h e  complement o f  a l o g i c a l  " O " ,  and a l o g i c a l  "0" i s  
t h e  complement of  a l o g i c a l  "1". 
Thus,  
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1 1 1 1 1 1 1 1 1  
BY 
r e p r e s e n t i n g  t h e  c o n t e n t s  of  t h e  H I 1  r e g i s t e r  and adding  one t o  t h e  r e s u l t .  
The r e s u l t i n g  number i s  t h e n  added t o  t h e  f i r s t  two terms of Equat ion  (1). 
Thus, Equat ion  (3) becomes 
1 1 1 1 1 1 1 1  1 1 1 1  
(HY) (HI!) a) Format t ing  o f  s t a r  t r a n s i t  
F i g u r e  48 shows t h e  f o r m a t t i n g  of t h e  s ta r  t r a n s i t  d a t a  a t  t h e  o u t p u t  of  
t h e  adder  and as it i s  recorded  on t a p e .  The s t a r  i n g r e s s  q u a n t i t y - -  
(HY) + (HI1)--occupies b i t s  0 through 13, whi le  t h e  s t a r  width 6 y  occupies  
b i t s  14 through 23, and b i t s  24 through 27 are unused. 
When i n f o r m a t i o n  appears  a t  t h e  o u t p u t  of t h e  S a d d e r ,  i t  i s  made 
a v a i l a b l e  t o  t h e  d isassembly  (D) g a t e s  which break  t h e  24 b i t s  of d a t a  
down i n t o  f o u r  6 - b i t  frames f o r  t r a n s m i s s i o n  t o  t h e  t a p e  u n i t .  A p a r i t y  
b i t  i s  added on t o  each 6 - b i t  group of d a t a  p r i o r  t o  t r a n s f e r r i n g  t h e  frame 
t o  t a p e .  T h i s  b i t  i s  s e t  t o  such a va lue  as t o  i n s u r e  t h a t  t h e  t o t a l  
number of "ones" i n  t h e  7 - b i t  frame i s  an  odd number. An odd p a r i t y  
check i s  subsequent ly  performed on each frame a s  i t  p a s s e s  by t h e  r e a d  
head of t h e  t a p e  u n i t .  An a d d i t i o n a l  p a r i t y  check i s  performed on each 
of t h e  s i x  t r a c k s  of d a t a  a f t e r  each r e c o r d  i s  r e a d .  A r e c o r d  on t a p e  i s  
~ . _ .  - .  ~~ ~ 
(HY 1 b) Format t ing  of s t a r  t r a n s i t  
d a t a  as i t  i s  recorded 
on t a p e  I FRAME I I FRAME 2 I FRAME 3 I FRAME 4 I 4 2 0 4 2 0 4 2 0 4 2 0  
F i g u r e  48: Format t ing  a t  Output of  S Adder 
and on Tape 
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a g roup ing  o f  d a t a  i n  c o n s e c u t i v e  frames which ends w i t h  a check c h a r a c t e r  
fo l lowed  by a t h r e e - q u a r t e r  i n c h  gap .  
t a p e  i s  shown i n  F i g u r e  4 9 .  
by t h e s e  b l ank  frames.  
t h e  nex t  frame of  d a t a  t o  be r e a d  w i l l  be t h e  check c h a r a c t e r .  Note t h a t  
a b l a n k  frame canno t  occur  w i t h  d a t a  s i n c e  t h e r e  must always be a n  odd 
number of  ones i n  each  d a t a  frame. 
such a manner t h a t  t h e  t o t a l  number of  "ones" i n  each  t r u c k  i s  a n  even  
number. Thus,  i f  a n  odd number of "ones" a r e  r e a d  from one of t h e  s i x  
d a t z  t r a c k s  of  a r e c o r d  an e r r o r  i s  i n d i c a t e d .  
The f o r m a t t i n g  o f  a r e c o r d  on 
Note t h a t  t h e  check c h a r a c t e r  i s  p receded  
These b l a n k  f r p e s  t e l l  t h e  t a p e  c o n t r o l l e r  t h a t  
The check c h a r a c t e r  i s  g e n e r a t e d  i n  
It shou ld  be no ted  from F i g u r e  40 t h a t  t h e  d i sa s sembly  g a t e s  have t h e  
c a p a b i l i t y  of  t r a n s m i t t i n g  f i v e  6 - b i t  g a t e  frames t o  t h e  t a p e .  T h i s  
c a p a b i l i t y  i s  u t i l i z e d  when a l l  28  b i t s  o f  each memory word a r e  t r a n s f e r r e d  
t o  t a p e  as a p a r t  of t h e  se r ies  of  sys t em v e r i f i c a t i o n  t e s t s  which are r u n  
p r i o r  t o  each day of  s cann ing .  These t es t s  a t t e m p t  t o  i d e n t i f y  p o s s i b l e  
system t r o u b l e s  b e f o r e  scann ing  s tar ts ;  however, t h e y  are not  a l l - i n c l u s i v e .  
Fo r  t h i s  r e a s o n  it i s  contemplated t h a t  t h e  system v e r i f i c a t i o n  w i l l  a l s o  
i n c l u d e  t h e  scann ing  of a p a i r  of small p l a t e s  of known c h a r a c t e r i s t i c s .  
The d a t a  from t h e s e  p l a t e s  w i l l  be ana lyzed  by t h e  computer p r i o r  t o  
a n a l y z i n g  star p l a t e  d a t a .  I f  t h e  a n a l y s i s  produces c o r r e c t  r e s u l t s ,  t h e  
star p l a t e  d a t a  o b t a i n e d  on t h e  same day as t h e  r e f e r e n c e  p l a t e  d a t a  w i l l  be 
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F .  
To t h i s  p o i n t  w e  have c o n s i d e r e d  t h e  methods o f  g e n e r a t i n g  and r e c o r d i n g  
the i n f o r m a t i o n  which i s  n e c e s s a r y  t o  d e f i n e  t h e  s t a r  p o s i t i o n s  on each 
p l a t e  p a i r .  However, i t  i s  a l s o  necesaa ry  t o  a s s o c i a t e  c e r t a i n  t y p e s  o f  
bookkeeping and r e f e r e n c e  i n f o r m a t i o n  w i t h  each p l a t e  p a i r  and each  ree l  
of  t a p e  a s s o c i a t e d  w i t h  the p l a t e  p a i r s .  The i n f o r m a t i o n  which must be 
a s s o c i a t e d  w i t h  each p l a t e  p a i r  c o n s i s t s  o f  t h e  X and Y c o o r d i n a t e s  and 
a t a b l e  number of  prominent  r e f e r e n c e  stars,  wh i l e  t h e  i n f o r m a t i o n  which 
must be c o n t a i n e d  on  each ree l  of  t a p e  c o n s i s t s  of  t h e  number a s s i g n e d  t o  
t h e  p l a t e  p a i r  b e i n g  scanned and t h e  sequence number of t h e  many r e e l s  
of  t a p e  which may be r e q u i r e d  t o  q u a n t i t i z e  t h e  p a i r  of p l a t e s .  
The p l a t e  and r ee l  i d e n t i f i c a t i o n  must be e n t e r e d  as t h e  f i r s t  f i l e  
o f  d a t a  on each r e e l  of t a p e .  T h i s  d a t a  c o n s i s t s  of a f o u r  d i g i t  b i n a r y  
coded decimal  p l a t e  i d e n t i f i e r  fo l lowed  by a two d i g i t  b i n a r y  coded decimal  
r e e l  i d e n t i f i e r .  The f o r m a t t i n g  of t h e  p l a t e  reel  i d e n t i f i e r  on t h e  t a p e  
i s  shown i n  F i g u r e  50. I f  t h e  reel  i d e n t i f i e r  i n d i c a t e s  r ee l  number 
one ( t h e  f i r s t  reel  of  t a p e  a s s o c i a t e d  w i t h  t h e  d e s i g n a t e d  p l a t e ) ,  t h e  
computer program i s  t h e n  informed t h a t  t h e  second f i l e  on t h e  t a p e  w i l l  
c o n t a i n  t h e  r e f e r e n c e  s ta r  d a t a .  
The X and Y c o o r d i n a t e s  of  each r e f e r e n c e  star are e n t e r e d  by t h e  
o p e r a t o r  a f t e r  he h a s  loaded and a l i g n e d  t h e  p a i r  of  p l a t e s  i n  t h e  p l a t e  
22 20 18 I6 14 12 IO 8 6 4 2 0 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 ~  I I I I I I I  
4 2 0 4 2 0 4 2 0 4 2 0  i FRAME I i P L i ' i  FRAME 2 FRAME 3 FRAME 4 i RL 
PL = P l a t e  number (BCD, 4 d i g i t s )  
RL = Reel number (BCD, 2 d i g i t s )  
F i g u r e  50: F o r m a t t i n g  of  P l a t e / R e e l  I d e n t i f i e r  on Tape 
97 
DATA ACQUISITION LOGIC 
h o l d e r  of the s c a n n e r .  The o p e r a t o r  u ses  t h e  machine-mounted c o n t r o l  
g roup ings  t o  v i s u a l l y  c e n t e r  each  r e f e r e n c e  s t a r  w i t h i n  t h e  f i e l d  of view 
of  t h e  p l a t e  a l ignmen t  microscope.  When a s tar  i s  c e n t e r e d ,  t h e  o p e r a t o r  
s e t s  t h e  STAR IDENTIFICATION thumb-wheel s w i t c h  t o  co r re spond  t o  t h e  t a b l e  
number of t h e  s t a r  and p r e s s e s  t h e  ENTER STAR b u t t o n .  P r e s s i n g  t h i s  b u t t o n  
c a u s e s  t h e  c o n t e n t s  of  t h e  CX and CY c o u n t e r s  and t h e  STAR IDENTIFICATION 
swi t ch  t o  be e n t e r e d  i n t o  c o n s e c u t i v e  l o c a t i o n s  o f  bank z e r o  o f  t h e  memory. 
E n t r y  of  r e f e r e n c e  s ta r  c o o r d i n a t e s  s tar ts  a t  l o c a t i o n  000 p r o g r e s s e s  
through banks z e r o  and one,  and r e c y c l e s  back t o  bank z e r o .  
bank i s  f i l l e d ,  i t  i s  t r a n s f e r r e d  t o  t a p e  as a r e c o r d .  
8’ 
A s  each 
When t h e  o p e r a t o r  f i n i s h e s  t h e  e n t r y  of  r e f e r e n c e  s t a r  d a t a ,  he  p r e s s e s  
t h e  TERMINATE ENTRY b u t t o n .  P r e s s i n g  t h i s  b u t t o n  c a u s e s  t h e  remainder  of 
t h e  bank b e i n g  a d d r e s s e d  t o  be z e r o - f i l l e d .  The c o n t e n t s  of t h e  bank are 
t h e n  t r a n s f e r r e d  t o  t a p e  as a r e c o r d ,  and t h e  r e c o r d  i s  t h e n  fo l lowed  by 
a f i l e  mark(3) t o  s i g n i f y  t h e  end o f  t h e  r e f e r e n c e  s t a r  d a t a .  
a n  i n d e f i n i t e  number of  r e f e r e n c e  s ta rs  cou ld  be r eco rded  u s i n g  t h i s  
scheme, i t  i s  d o u b t f u l  t h a t  more t h a n  f i v e  o r  s i x  r e f e r e n c e  s ta rs  would 
be r eco rded  f o r  any g i v e n  p l a t e  p a i r .  The r e f e r e n c e  s t a r  p o s i t i o n s  would 
Although 
be f u r t h e r  r e f i n e d  by t h e  computer a n a l y s i s .  The computer program would 
use  t h e  manual ly  e n t e r e d  r e f e r e n c e  d a t a  t o  s i n g l e  o u t  t h e  r e f e r e n c e  s ta rs  
from t h e  s c a n  d a t a .  These stars would t h e n  be a s s i g n e d  t h e  p o s i t i o n s  
d e r i v e d  from the s c a n  d a t a .  The computer program would t h e n  r e f e r  t o  i t s  
s ta r  t a b l e s  t o  f i n d  t h e  c e l e s t i a l  c o o r d i n a t e s  of t h e  r e f e r e n c e  s tars .  
Once t h e  c e l e s t i a l  c o o r d i n a t e s  of  t h e  r e f e r e n c e  s ta rs  had been e s t a b l i s h e d ,  
t h e  machine c o o r d i n a t e  system c o u l d  be t r a n s f e r r e d  t o  t h e  c e l e s t i a l  
c o o r d i n a t e  system. 
(3) A f i l e  mark c o n s i s t s  of  a s i x  inch  b l a n k  s p o t  on t h e  t a p e  f o l l o w i n g  
t h e  check c h a r a c t e r  of t h e  l a s t  r e c o r d .  T h i s  b l ank  s p o t  i s  t h e n  
t e r m i n a t e d  w i t h  a frame hav ing  a n  0178 p a t t e r n  fo l lowed  by i t s  check 
c h a r a c t e r  (which i s  a n o t h e r  0178 p a t t e r n ) .  
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We have now c o n s i d e r e d  a l l  of  t h e  v a r i o u s  t y p e s  of  i n f o r m a t i o n  which 
must be t r a n s f e r r e d  t o  t a p e  d u r i n g  t h e  c o u r s e  o f  s cann ing  a p a i r  of  s t a r  
p l a t e s .  T h i s  i n f o r m a t i o n  i s  grouped i n  f i l e s  which are r eco rded  on t a p e  
i n  a p rede te rmined  sequence so  t h a t  i t , c a n  be p r o p e r l y  i n t e r p r e t e d  by 
t h e  computer program. 
I f  t h e  f i r s t  r ee l  i s  i n d i c a t e d ,  t h e  second f i l e  w i l l  c o n t a i n  t h e  r e f e r e n c e  
s t a r  d a t a .  Otherwise t h e  f i l e s  between t h e  f i r s t  and l a s t  f i l e s  w i l l  
c o n t a i n  s t r i p e  d a t a .  The d a t a  from each s t r i p e  w i l l  be r eco rded  as a 
s i n g l e  f i l e .  The l a s t  f i l e  w i l l  c o n t a i n  t h e  YS r e c o r d  w i t h  e i t h e r  t h e  
END OF TAPE f l a g  b i t  s e t  o r  b o t h  t h e  END OF TAPE and END OF PLATE f l a g  
b i t s  s e t .  F i g u r e  51 shows t h e  sequence o f  e v e n t s  which must t a k e  p l a c e  
i n  o r d e r  t o  complete  t h e  scann ing  o f  a p a i r  of  p l a t e s .  It w i l l  be noted 
t h a t  some of  t h e  e v e n t s  r e q u i r e  o p e r a t o r  a c t i o n ,  w h i l e  t h e  remaining 
e v e n t s  occur  a u t o m a t i c a l l y .  
The f i r s t  f i l e  c o n s i s t s  o f  t h e  p l a t e / r e e l  i d e n t i f i e r .  
Once t h e  p l a t e s  have been loaded  i n t o  t h e  p l a t e  h o l d e r  t h e  remaining 
o p e r a t o r  a c t i o n s  are c o n f i n e d  t o  pushing b u t t o n s  and look ing  a t  d i s p l a y s .  
The d i s p l a y s  and s w i t c h e s  a r e  d i v i d e d  between two c o n s o l e s .  One conso le  
i s  mounted on t h e  s c a n n e r  base and i s  used f o r  p l a t e  a l ignmen t  and manual 
b l i n k i n g  wh i l e  t h e  o t h e r  c o n s o l e  i s  remote from t h e  scanne r  and c o n t r o l s  
system o p e r a t i o n  a f t e r  t h e  p l a t e s  have been a l i g n e d .  Three o f  t h e  s w i t c h e s  
a s s o c i a t e d  w i t h  t h e  d a t a  a c q u i s i t i o n  l o g i c  a r e  on t h e  scanner-mounted 
conso le .  These s w i t c h e s  are d e s i g n a t e d  STAR IDENTIFICATION, ENTER STAR, 
and TERMINATE ENTRY and were d e s c r i b e d  ea r l i e r .  The remainder  of  t h e  d a t a  
a c q u i s i t i o n  l o g i c  c o n t r o l s  are c o n t a i n e d  on t h e  remote c o n s o l e .  These 
c o n t r o l s  are shown i n  F i g u r e s  52 and 53. 
We see t h a t  t h e  s w i t c h e s  and d i s p l a y s  are d i v i d e d  between t h e  h o r i z o n t a l  
and s l o p i n g  p a n e l s .  With t h e  e x c e p t i o n  of t h e  PLATE/REEL IDENTIFICATION 
SELECTOR, a l l  s w i t c h e s  a s s o c i a t e d  w i t h  p l a t e  s cann ing  are mounted on t h e  
h o r i z o n t a l  p a n e l .  These s w i t c h e s  and t h e i r  f u n c t i o n s  are l i s t e d  i n  Table  I V .  
The s l o p i n g  p a n e l  c o n t a i n s  a l l  o f  t h e  s w i t c h e s  which are used f o r  system 
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E n t e r  P l a t e / R e e l  I d e n t i f i e r  
f 




Load P l a t e s  I 
r A l i g n  P l a t e s  I 
NO 
Y e s  
Record Scan Data a s  
1024 Word Records.  Scan 
Data C o n s i s t s  of X Data 
F i g u r e  51: Sequence of Even t s  
A s s o c i a t e d  w i t h  P l a t e  
Scanner  O p e r a t i o n  
Op = F u n c t i o n  C o n t r o l l e d  
by Opera to r  
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F i g u r e  51: (cont inued)  
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I n i t i a t e  Reverse X Motion 
t o  Return P l a t e  Holder t o  
Left-Hand L i m i t  Switch 
Been Sensed? 
I 
6 I No 
Z e r o - f i l l  t h e  Unused 
Por t ion  of t h e  Banks 
Curren t ly  Being W r i t  t e n  
I n t o  by Channel 1 and 
Channel 2 
Transfer  t h e  Last Two 
Banks t o  Tape a s  Two 
1024 Word Records - Record F i l e  Mark 
(continued) 
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I n i t i a t e  Reverse Y Motion 
To Return  Pla.te Holder To 
Lower Limit Switch 
P 
v b 
T r a n s f e r  t h e  YS 
Record t o  Tape With 
t h e  End of Tape and 
End of P l a t e  Flag 
B i t s  S e t  
F igure  51: (concluded) 
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F i g u r e  52: System Checkout,  Maintenance and S t a t u s  Panel  a t  t h e  Console .  
The t o p  row of  numbered t o g g l e  s w i t c h e s  are used f o r  d a t a  
e n t r y ;  d a t a  d i s p l a y  lamps are immediately below t h e  s w i t c h e s .  
The sys tem s t a t u s  i s  i n d i c a t e d  by i l l u m i n a t e d  r e c t a n g l e s  
w i t h i n  t h e  system s t a t u s  d i s p l a y .  The f i r s t  12 numbered 
b u t t o n s  on t h e  lower r i g h t  c o n s t i t u t e  t h e  d a t a  d i s p l a y  selec- 
t o r ;  numbers 13 through 20  a r e  t h e  t e s t  s e l e c t o r  b u t t o n s .  
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F i g u r e  5 3 :  P l a t e  Scanning C o n t r o l  Swi tches  a t  t h e  
Console .  The f u n c t i o n s  of t h e s e  s w i t c h e s  
are g i v e n  i n  Table  I V .  
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TABLE I V  
SWITCHES USED FOR SCANNING 
SWITCH TYPE FUNCTION 
MASTER CLEAR M S e t s  t h e  l o g i c  t o  a known s t a t e  p r i o r  t o  i n i t i a t i n g  
a n  o p e r a t i o n  w i t h  one of  t h e  push b u t t o n s  on t h e  










T h i s  s w i t c h  i s  a s i x  p o s i t i o n  thumb wheel s w i t c h  
which p e r m i t s  t h e  o p e r a t o r . t o  d e s i g n a t e  t h e  
number of  t h e  p l a t e  be ing  scanned and t h e  number 
of  t h e  r e e l  of t a p e  a s s o c i a t e d  w i t h  t h e  p l a t e .  
M P r e s s i n g  t h i s  s w i t c h  t r a n s f e r s  t h e  c o n t e n t s  of t h e  
IDENTIFICATION SELECTOR t o  magnetic t a p e .  
M P r e s s i n g  t h i s  s w i t c h  c a u s e s  t h e  t a p e  u n i t  t o  
move t h e  t a p e  backward t o  t h e  beg inn ing  o f  t h e  
l a s t  f i l e  of d a t a  t h a t  i t  reco rded .  T h i s  swi t ch  
a l l o w s  t h e  o p e r a t o r  t o  d e l e t e  d a t a  which i s  
e r r o n e o u s  and must be r e p e a t e d .  
L T h i s  s w i t c h  p e r m i t s  t h e  o p e r a t o r  t o  se lec t  between 
s imul t aneous  o r  s e q u e n t i a l  s cann ing .  Simultaneous 
scann ing  i s  s e l e c t e d  when t h e  SEQUENTIAL SCAN 
b u t t o n  i s  n o t  i l l u m i n a t e d .  When scann ing  i s  
performed i n  t h i s  mode, d a t a  i s  o b t a i n e d  from bo th  
p l a t e s  as a s t r i p e  i s  scanned.  S e q u e n t i a l  s cann ing  
i s  s e l e c t e d  when t h e  SEQUENTIAL SCAN b u t t o n  i s  
i l l u m i n a t e d .  When scann ing  i s  performed i n  t h i s  
mode, d a t a  i s  o b t a i n e d  from o n l y  one p l a t e  as a 
s t r i p e  i s  scanned. The s t r i p e  i s  t h e n  scanned a 
second t i m e  t o  o b t a i n  d a t a  from t h e  o t h e r  p l a t e .  
L Th i s  s w i t c h  p e r m i t s  t h e  o p e r a t o r  t o  se lec t  between 
a u t o m a t i c  o r  manual s cann ing .  When au tomat i c  s can -  
n ing  i s  s e l e c t e d ,  t h e  MANUAL SCAN b u t t o n  i s  n o t  
i l l u m i n a t e d ;  t h e  o p e r a t o r  can  c o n t r o l  s c a n  motion 
o n l y  t o  t h e  e x t e n t  t h a t  he  c a n  s t a r t  and s t o p  t h e  
motion. Scan motion must s t a r t  from t h e  l e f t  l i m i t  
sw i t ch  and end a t  t h e  r i g h t  l i m i t  sw i t ch  w i t h  no 
s t o p s  i n  between. I f  t h e  o p e r a t o r  s t o p s  t h e  s c a n  
p r i o r  t o  t h e  p l a t e  h o l d e r  r e a c h i n g  t h e  r i g h t  l i m i t  
s w i t c h ,  e r r o n e o u s  d a t a  w i l l  be g e n e r a t e d  and an alarm 
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END OF TAPE 
END OF PLATE 
RESET ALARM M 
FUNCTION 
w i l l  be sounded. The s t r i p e  w i l l  t h e n  have t o  be 
rescanned .  When manual scanning  i s  s e l e c t e d ,  
t h e  MANUAL SCAN b u t t o n  w i l l  be i l l u m i n a t e d .  T h i s  
mode p e r m i t s  t h e  o p e r a t o r  t o  p o s i t i o n  t h e  p l a t e  
h o l d e r  a t  any p o i n t  of i n t e r e s t  and t o  s c a n  any 
f r a c t i o n  of a s t r i p e  t h a t  he d e s i r e s .  
P r e s s i n g  t h i s  s w i t c h  i n i t i a t e s  s c a n  motion and 
d a t a  a c q u i s i t i o n .  
P r e s s i n g  t h i s  swi tch  h a l t s  s c a n  motion and d a t a  
a c q u i s i t i o n .  
P r e s s i n g  t h i s  s w i t c h  causes  t h e  p l a t e  h o l d e r  t o  
be moved 1 6  m i l l i m e t e r s  i n  t h e  Y d i r e c t i o n .  
P r e s s i n g  t h i s  swi tch  p l a c e s  t h e  YS r e c o r d  on 
t a p e  wi th  t h e  end of  t a p e  s t a t u s  b i t  s e t .  
P r e s s i n g  t h i s  s w i t c h  p l a c e s  t h e  YS r e c o r d  on t a p e  
w i t h  t h e  End of Tape and End of P l a t e  s t a t u s  b i t s  
s e t .  
P r e s s i n g  t h i s  swi tch  t u r n s  o f f  t h e  a u d i b l e  alarm 
a f t e r  i t  h a s  been turned  on by an  e r r o r  c o n d i t i o n .  
R e s e t t i n g  t h e  alarm does not  prevent  t h e  alarm 
from recogniz ing  o t h e r  e r r o r  c o n d i t i o n s  which 
occur  p r i o r  t o  t h e  c o r r e c t i o n  of t h e  f i r s t  e r r o r  
c o n d i t i o n .  
M = Momentary Contact  
L = Locking 
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DATA ACQUISITION LOGIC 
SWITCH GROUP 
TEST SELECTOR 
DATA DISPLAY SELECTOR 
TABLE V 
MAINTENANCE AND DISPLAY SWITCHES 
DATA ENTRY SWITCHES 
FUNCTION 
T h i s  g roup ing  of s w i t c h e s  p e r m i t s  t h e  
o p e r a t o r  t o  t e s t  v a r i o u s  p o r t i o n s  o f  
t h e  d a t a  a c q u i s i t i o n  system. These 
t e s t s  can  o n l y  be i n i t i a t e d  when t h e  
p l a t e  h o l d e r  i s  i n  i t s  home p o s i t i o n .  
T h i s  grouping of s w i t c h e s  p e r m i t s  t h e  
o p e r a t o r  t o  d i s p l a y  v a r i o u s  s o u r c e s  of 
d a t a .  The f o l l o w i n g  s o u r c e s  may be 
d i s p l a y e d :  CX, CY, CH1 BOO,  CH2 BOO, 
M 1 ,  M2, S ,  PO, P l y  P2, and J P .  
T h i s  group o f  s w i t c h e s  p e r m i t s  t h e  
o p e r a t o r  t o  s e l e c t  b i t  p a t t e r n s  which 
are e n t e r e d  i n t o  t h e  system d u r i n g  
v a r i o u s  t e s t s .  
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DATA A C Q U I S I T I O N  LOGIC 
DISPLAY GROUP 
DATA DISPLAY 
CH1 MEMORY OVERFLOW 
and 
CH2 MEMORY OVERFLOW 
STATUS DISPLAY 
TABLE V I  
DISPLAYS ON SLOPING PANEL 
FUNCTION 
T h i s  group of 28 lamps d i s p l a y s  t h e  
i n f o r m a t i o n  s e l e c t e d  by t h e  DATA DISPLAY 
SELECTOR. 
These two groups of lamps d i s p l a y  t h e  
number of memory ove r f lows  which occur  
d u r i n g  t h e  c o u r s e  o f  s cann ing  a s t r i p e .  
T h i s  u n i t  d i s p l a y s  messages which i n d i -  
cate  t h e  s i g n i f i c a n t  e v e n t s  which t r a n s -  




PERFORMING BINARY SUBTRACTION W I T H  AN ADDER 
A t  f i r s t  though t  t h e  i d e a  o f  s u b t r a c t i n g  one number from a n o t h e r  by 
u s i n g  a d e v i c e  which i s  des igned  t o  add two numbers seems c o n t r a d i c t o r y  
and i m p l a u s i b l e .  Th i s  i d e a  c a n  be g i v e n  some c r e d e n c e ,  however, i f  one 
c o n s i d e r s  some of  t h e  p r o p e r t i e s  of b i n a r y  numbers. F i r s t  of  a l l ,  a n  
n - b i t  number c a n  form o n l y  2 b i n a r y  combinat ions.  The v a l u e  o f  each 
number i s  g i v e n  by t h e  r e l a t i o n s h i p  
n 
2 1 0 I- a 2n-2 + ... + a2 2 + al 2 + a. 2 n- 1 N = a  n-1 n -2 
n- 1 
i = O  
where t h e  a terms r e p r e s e n t  t h e  b i t s  of t h e  number and are e i t h e r  "one" 
o r  "zero."  Thus,  t h e  l a r g e s t  number which c a n  be r e p r e s e n t e d  by n b i t s  
co r re sponds  t o  t h e  c a s e  where a l l  n of  t h e  a terms are se t  t o  a v a l u e  
o f  "one." Th i s  number h a s  a v a l u e  of  2 -1. I f  t h i s  number i s  i n c r e a s e d  
by one,  t h e  r e s u l t i n g  number, 2n ,  r e q u i r e s  n + 1 b i t s  t o  r e p r e s e n t  i t .  
It i s  impor t an t  t o  no te  t h a t  t h e  lower n b i t s  of 2 are a11 z e r o .  Thus,  
add ing  one t o  t h e  l a r g e s t  n - b i t  number produces t h e  smallest n - b i t  number, 
namely, z e r o .  T h i s  p r o p e r t y  of a n  n - b i t  number i s  i l l u s t r a t e d  i n  F i g u r e  
1-1. I n  t h i s  f i g u r e  a c i r c l e  i s  d i v i d e d  i n t o  2 p a r t s  by 2 r a d i a l  l i n e s .  
These r a d i a l s  are t h e n  a s s i g n e d  c o n s e c u t i v e  numbers s t a r t i n g  w i t h  z e r o .  
Note t ha t  t h e  r a d i a l  numbered z e r o  f o l l o w s  the r a d i a l  numbered 2 -1 when 
one moves around t h e  c i r c l e  i n  t h e  d i r e c t i o n  of  i n c r e a s i n g  numbers. 
The z e r o  r a d i a l  co r re sponds  t o  t h e  2 r a d i a l ,  b u t  i t  shou ld  be r e c a l l e d  
t h a t  2 canno t  be r e p r e s e n t e d  by a n  n - b i t  number. L e t  us  now c o n s i d e r  
how t h i s  r e c y c l i n g  of  t h e  numbers can  be u t i l i z e d  t o  accomplish t h e  sub- 










F i g u r e  1-1: I l l u s t r a t i o n  of the C y c l i c  Behavior of a n  n - b i t  Number 
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Assume t h a t  i t  i s  d e s i r e d  t o  form t h e  d i f f e r e n c e  A-B.  T h i s  r e l a t i o n -  
s h i p  may be w r i t t e n  as f o l l o w s :  
(1 -2) 
n 
A - B = A + ( 2 n - B )  - 2  
n I f  2 i s  e i t h e r  added t o  o r  s u b t r a c t e d  from an n - b i t  number, t h e  number 
i s  u n a l t e r e d .  Thus Equa t ion  (1-2) can be w r i t t e n  as 
A - B = A + (2" - B) (1-3)  
n 
The next  problem i s  t o  form t h e  q u a n t i t y  2 -B. Th i s  q u a n t i t y  can  be 
r e w r i t t e n  as 
(2" - B) = [: (2n - 1) - B] f 1 (1 -4)  
n It was no ted  ea r l i e r  t h a t  2 -1 i s  r e p r e s e n t e d  by a n  n - b i t  number which 
h a s  a l l  n b i t s  se t  t o  one. T h i s  number h a s  t h e  p r o p e r t y  t h a t  no borrows 
are formed when a n  n - b i t  number i s  s u b t r a c t e d  from i t .  The consequence 
o f  t h i s  p r o p e r t y  i s  t h a t  t h e  d i f f e r e n c e ,  (2" - 1) - B,  c a n  be formed by 
complementing each b i t  of  B. Tha t  i s ,  each b i t  of  B which i s  a z e r o  i s  
changed t o  a one;  each b i t  of B which i s  a one i s  changed t o  a z e r o ,  
T h i s  complementation o p e r a t i o n  i s  symbolized by p l a c i n g  a b a r  o v e r  B .  
Thus Equa t ion  (1-4) may be w r i t t e n  as 
- 
2 n - B = B + 1  
S u b s t i t u t i n g  (1-5) i n t o  (1-3) w e  o b t a i n  
A - B = A + B + l  
(1-5) 
(1-6) 
Thus we o b t a i n  t h e  r e s u l t  t h a t  a d i f f e r e n c e  can  be formed by u s i n g  a n  
a d d e r .  T h i s  t h i r d  term of  Equa t ion  (1-6) i s  added by f o r c i n g  a c a r r y  i n t o  
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t h e  low o r d e r  b i t  of t h e  adder  as A and e n t e r  t h e  adder .  
F igure  1 - 2  shows a g r a p h i c a l  i n t e r p r e t a t i o n  o f  Equat ion  (1-3). T h i s  
i n t e r p r e t a t i o n  i s  not  v a l i d  i f  i t  i s  d e s i r e d  t o  r e p r e s e n t  n - b i t  numbers and 
A <  B,  s i n c e  no p r o v i s i o n  has  been made t o  r e p r e s e n t  n e g a t i v e  numbers. 
Signed numbers can be r e p r e s e n t e d  by adding a n o t h e r  b i t  t o  t h e  n - b i t  
number. P o s i t i v e  numbers are i n d i c a t e d  when t h e  h igh-order  b i t  i s  z e r o ,  
and n e g a t i v e  numbers are r e p r e s e n t e d  when t h e  h igh-order  b i t  i s  one. 
F i g u r e  1-3 shows t h e  d i s t r i b u t i o n  of p o s i t i v e  and n e g a t i v e  numbers f o r  an  
n - b i t  s i g n e d  number. Note t h a t  a n e g a t i v e  number i s  formed by s u b t r a c t i n g  
t h e  number from 2 . A l t e r n a t i v e l y ,  t h e  r u l e  i l l u s t r a t e d  by Equat ion  
(1-5) may be used t o  form a n e g a t i v e  number. I n  t h i s  case each of  t h e  
n + 1 b i t s  of t h e  p o s i t i v e  number i s  complemented, and one i s  added t o  t h e  
n+l 
r e s u l t .  
113 
APPENDIX I 
F i g u r e  1-2: G r a p h i c a l  I n t e r p r e t a t i o n  o f  Equa t ion  (1-3) 
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F i g u r e  1-3: D i s t r i b u t i o n  o f  P o s i t i v e  and Negat ive Numbers 
from an n - b i t ,  Signed Number 
2" 
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